The Journal of 
Laboratory and Clinical 
Medicine 


VoL. 25 JANUARY, 1940 


CLINICAL AND EXPERIMENTAL 


INDUCED RETICULOCYTOSIS IN THE RAT AND ITS RELATION TO 
THE LIFE DURATION OF THE RED BLOOD CELL* 


O. G. Harne, Joun F. Lurz, anp Carn L. Davis, BALTIMORE, Mp. 


REVIEW of the literature reveals that four different approaches have 

been made to the problem of the life span of the red blood cell. These may 
be grouped as follows: (1) bile pigment output,’ * (2) agglutination of trans- 
fused cells,** (3) reduced oxygen tension of the air,S and (4) blood replacement 
following hemorrhage.” 

In no ease have the different methods given comparable results. However, 
it must be recognized that in all these studies the number of subjects making up 
any given series was small. In one instance the report was made upon a single 
animal.’ In the present study we have applied the principle of blood replace- 
ment following hemorrhage to the problem of the life duration of the red blood 
cell in the rat using daily reticulocyte counts as the index. 

It beeame apparent immediately that a great deal of preliminary work must 
be done upon rats if we were to correctly translate our results into evidence 
bearing upon the life duration of the red blood cell of this animal. We have, 
therefore, ineluded in this report also, a method for making permanent prepara- 
tions of rat reticulocytes; a report upon the control level of reticuloeytes in a 
total of 22 animals; and the reaction of animals to various degrees of single and 
repeated hemorrhage. 

METHOD 


It was found that constant suecessful staining of rat reticulocytes was best 
acevinplished by the direct smear method, using brilliant cresyl blue stain. The 
slid's are first stain processed. The blood smear is made upon a cool slide (60° 
to 7:° F.) and promptly, while still wet, placed in a humidity chamber (70 to 
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80 per cent saturation) for three minutes to permit staining. The whole proce- 
dure follows in detail. 

There are three major steps: (1) preparation of the slides, (2) preparation 
ot the biood smears, and (3) counting. 

Preparation of the Slides.-—Part 1, Washing. The slides are placed one py 
one into sulfurie acid-bichromate cleaning fluid for twenty-four hours. They are 
then removed and dropped one by one into running water and washed for three 
hours, then rinsed three times in distilled water and placed in 80 per cent alcoho! 
until needed. 

Part 2, Stain Processing the Slides. The slides are removed one by one 
from the 80 per cent alcohol and carefully dried with a piece of clean cheese- 
cloth, previously washed with ivory soap, rinsed in distilled water, and dried. 
(It is convenient when preparing large numbers of slides to do them in groups 
of 15 or 20.) To proceed with the stain processing arrange the clean slides in a 
row from left to right in front of the operator, placing them at an angle of about 
45°. Pour 5 ¢.c. of a saturated alcoholic (absolute) solution of brilliant cresy] 
blue into a 50 ¢.c. pyrex beaker and proceed promptly as follows: Pick up the 
first slide by the edges, holding it between the thumb and index finger. Dip the 
opposite end into the stain, touching the bottom of the beaker; remove immedi- 
ately with its burden of stain* and touch it to the top surface of the second slide, 
about 2 em. from its near end. Now by supporting the slide only upon the tip 
of the middle finger at an angle of about 25°, push the stain-laden slide (No. 1) 
smoothly but rapidly across the slide whose surface is to be stained (No. 2). 
Then lay the slide across two glass rods to dry. (The speed at which the stain 
is spread determines the thickness of the stain film.) A thin even film of stain 
results. Thus each slide has been partially stain processed, No. 1 on its end; 
No. 2 on its top surface. Now in like manner use slide No. 2 to process the sur- 
face of slide No. 3; slide No. 3 to process the surface of slide No. 4, and so on, 
until the whole group has been treated. Finally, the last slide is used to apply 
the surface coat to the first slide, completing the task. These slides keep in- 
definitely, but must be cooled to about 60° F. before making the blood smears. 

Preparation of the Blood Smears.—There are two parts: (1) the prepara- 
tion of humidity chambers to prevent the smears from drying too quickly ; and 
(2) the preparation of the smear, counterstaining, and mounting. Three simple, 
yet very satisfactory, humidity chambers may be quickly prepared by placing 
several layers of blotter paper in the bottom of a shallow baking pan. Moisten 
with tap water and invert three 10 em. Petri dishes over the moistened paper. 
A weight may be placed upon each Petri dish to prevent too much leakage of the 
moist air. In a few minutes after the chambers are set up they are ready for 
use. The use of three chambers was found convenient and gives just about the 
right timing (two to three minutes) when a large number of smears are being 
made at one time. 

Rotation through the series of chambers is accomplished by placing No. | 
blood smear under the first dish; make No. 2 and place under the second; mak« 
No. 3 and place under the third. By this time No. 1 slide ean be removed fcr 
drying. Make No. 4 slide and put under the first dish. Remove No. 2 slide for 
drying, and so on, through the entire series. 


*The rate at which the slide is removed determines the amount of stain carried. Qu 
removal gives a heavily laden slide, and vice versa, 
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Part 2. Preparing the Blood Smear. A small drop of fresh blood is touched 
to the stained surface of a cool (60° to 70° F.) slide. Immediately this slide is 
dropped conveniently in front of the operator at an angle of about 45°, and the 
stain-processed end of a second slide is touched to the first slide just in front of 
the drop of blood and immediately drawn backward to contact the blood whieh 
quickly spreads along the entire edge of the supported slide. As soon as this is 
observed, the slide again resting (as already described) upon the tip of the 
middle finger and at a 25° angle to the surface is slowly and smoothly pushed 
across the surface of the first slide, spreading the blood into a thin even film. 
(The rate at which the smear is spread determines the thickness of the film, i.e., 
a slowly spread film is thin, and vice versa.) Immediately place the wet blood 
film beneath the (Petri dish) humidity chamber for three minutes; remove; dry 
in the air, and counterstain with Wright’s blood stain. Mount in balsam. 
Part 3. Counting. To facilitate accurate counting of cells, the ocular of 
the microscope is provided with four cross hairs, dividing the field of observation 


into eight equal sectors. 

The retieuloeyte count is accomplished by first surveying the slide under 
low power to select a suitable area for counting. Practice will soon establish 
that these areas show an even distribution with the cells moderately separated. 


TABLE I 


SHOWING SEX, AGE, AND WEIGHT OF ANIMAL MATERIAL 


AVERAGE 


SERIES | NUMBER OF | AGE BEGINNING PEMALE | AVERAGE | DURATION OF 
NUMBER | LITTER MATES | OF EXPERIMENT) — | WEIGHT WEIGHT EXPERIMENT 
Months | Grams Grams Days 
1 + 18 | 1 | 348.2 3 204.8 91 
2 8 a (4) 196.5 + | 138.1 55 
3 10 4 | 4 | 26647 | 6 188.5 91 


The area located is then observed under oil immersion and usually found to eon- 
tain from 200 to 300 red blood cells per field. The counting procedure is simple. 
Starting from a given point and counting adjacent fields, 1,000 red blood cells, 
including the reticulocytes, are counted in blocks of 100 cells each. The reticulo- 
eytes in each block of 100 red blood cells are recorded separately. This is done to 
give information on the reticulocyte distribution, which occasionally is suf- 
ficiently irregular to warrant recount. Once in a while it is necessary to count 
2.000 red blood cells to establish the ‘*reticuloeyte value’’ of a slide. Upon ecom- 
pletion of the count (at least 1,000 cells should be counted) the reticulocytes are 
summed up and expressed in per cent, or better still as reticuloeytes per 1,000 


red blood cells. 

Animal Material —Twenty-two rats (Wistar strain) divided into 3 series, 
representing 3 litters of our best stock, were used (see Table I). The animals 
were selected and placed in individual wire cages. They were always handled 
gently with bare hands. No sudden movements or noises were permitted during 
the experimental periods. All received the same stock diet and eare. 


PROCEDURE 


The processed slides are brought into the animal room and placed beside 
humidity chambers (already prepared, see Method). The animal is then 
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removed from its cage, and placed in a box 4 inches by 7 inches by 3 inches, pro- 
vided with a sliding lid and a vertical slit 144 inch wide in the end section to ac- 
commodate the tail. The animal’s tail is gently held in the left hand while a 
small piece of the tip of the tail is clipped off with a small sharp scissors. If 
quickly done the animal will not move. A small drop of blood will immediately 
appear; this is quickly touched to the stained surface of the cooled slide and 
spread. The slide is promptly placed under the Petri dish to complete the stain- 
ing. After three minutes it is removed from the humidity chamber and allowed 
to dry in the air. The smears may be stored temporarily or counterstained and 
mounted at once. 
TABLE IT 


SHOWING RETICULOCYTE CONTROL VALUES FOR EACH ANIMAL 


MAXIMUM RETICULOCYTE 
FLUCTUATION 
+ CONTROL AVERAGE 
Per 1,000 R.B.C, 


ANIMAL | me AVERAGE CONTROL CONTROL 
NUMBER ey | RETICULOCYTE COUNT PERIOD 
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In this manner, daily reticuloeyte counts were made on all animals through- 
out the experimental period. A period of from five to sixty-five days was con- 
sumed in establishing control levels before the animals were bled. Bleeding was 
accomplished by inserting a 26 gauge syringe needle into one of the lateral tail 
veins. A skin incision over the vein near the root of the tail simplified the pro- 
cedure. Counts were continued daily after the bleeding, until the control reticu- 
loeyte level was again reached and maintained. In certain instances, explained 
later, the hemorrhage was repeated. 

Reticulocyte Level in Rats’ Blood.—In three series made up of 13 females 
and 9 males, a total of 365 control determinations were made over periods of 
from five to sixty-five days. The average control reticulocyte count for thie 
group (22 animals) was 18.6 cells per thousand red blood cells (males, 19 reticu 
locytes per thousand ; females, 18.3). The highest values for individual anima!s 
were 21 reticulocytes per thousand over a 13-day period for males, and 22 
reticulocytes per thousand over a 29-day period for females. The lowest indivi'- 
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F 15.7 0 3.5 
Ms 17.0 9 5.0 
F 19.5 9 7.5 
F 15.1 10 4.0 
M | 16.5 10 2.5 
M 18.9 10 9.0 
M 20.4 1 2.0 
Do F | 17.3 12 4.5 
| F 20.0 13 55 
: | M 21.0 13 3.0 
: M 19.8 | 18 6.5 
KF | 19.8 20 | 4.0 
F 22.0 | 29 4.5 
5 | F 17.2 33 7.5 
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ual values over 10-day periods were: female, 15 reticulocytes per thousand, and 
male, 16.5. Normal fluctuation in the reticulocyte level is only moderate, and 
over long periods (65 days) did not exceed 25 reticulocytes per 1,000 red cells 
(Fig. 1). The average fluctuation for the group was found to be 10 cells per 
1,000 red blood cells, or +0.5 (see Table IT). 


RETICULOCYTES PER REO CELLS 


-—CONTROL=— 
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Fig. 1.—Showing the reticulocyte count of a rat over a 65-day period under our control con- 
ditions (Animal R-58, Table II). 
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Fig. 2.—Showing the hemopoietic response to withdrawals of small but similar amounts of 


blood (Animal R-4). 


Stimulating Effect of Hemorrhage Upon the Hemopoictic Mechanism.—li 
would seem logical to assume that hemorrhage would be a physiologic and suf- 
ficient stimulus for the prompt replacement of the blood lost. Upon this basis 
Wwe proceeded to establish the relationship existing between the degree of hemor- 
rhage and the hemopoietic response. It was found that blood losses amounting 
to 0.1 per cent or more of the body weight give a definite rise in the reticulocyte 
cont within twenty-four to forty-eight hours, and when increasingly larger 
aiiounts are lost, the responses are proportionately greater. The effective stimu- 


lis, however, persists for a longer time following extensive blood loss (see Table 
It), 


Ko 
@ 
30 
25 } @ x 
20 le, | 
10 
| 
|_| 
|__| 


-DICINE 


ME 


OFL 
LI 9LL 
61 COG 
StL C6L StI 
6L 616 
0G OFL 
8F StU 1G 606 
Le 0G OLL 


ee eee 


AND CLINICAL 
mon 
acre 


‘OMA 49d 


aS NOdSAY NOLLOVAN 


OL SISO. SALAQO'LAOLLAY Mo 
WOWIXVW NOLLOVAN MVdd AO NAVUCHLIM, LIDDTAM 


-AOOTOOLLS 40 "lOULNOO IVWINV 
10 1OULNO IVWINY 
AWLL 


= 
as 
= 
= 
=) 
=x 
=< 


OF 


SAINAS V NI ASNOdSAY ALAOOTOOLLAY ANV NAAM LAG dIHSNOLLV'IaY AHL ONIMONS 


Ill 


JOURNAL 


THE 


| 
| 


HARNE ET AL.: INDUCED RETICULOCYTOSIS IN RAT 339 


In Table LIL there appear four significant columns of data: (1) reticulo- 
cytes per 1,000 red blood cells; (2) latent period of reaction; (3) time required 
for maximum response, and (4) time required for reticulocytosis to subside. 
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Fig. 3.—Showing hemopoietic response to withdrawals of dissimilar amounts of blood. 
The initial hemorrhage in this case must be less than 0.5 per cent of the body weight, or 
preferably must produce a submaximal response, otherwise the reaction to the second with- 
drawal may be distorted (Animal R-2). 
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Fis. 4.—Showing that animals which react only slightly to an initial withdrawal of blood tend 
to retain this characteristic (Animal R-52). 

(1) With regard to the reticulocyte count, it is apparent that this indicates 
the reaction of the bone marrow to hemorrhage, and in the ideal physiologic 
state should be in direct proportion to the extent of the blood loss. In our 
experiments we found this situation to obtain within limits. There are, how- 
e\-r, two instances (specifically animals R-10 and R-13, Table IIT) where this 
straight line effect did not oceur in our experiments. The peak reticulocytosis 
dil not rise proportionally above that of the preceding experiment where a 
le-ser hemorrhage was induced. It is unfortunate that in our experiments upon 
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‘ats where the animal is small and very reactive, it is not permissible to make 
enough blood smears to locate exactly the peak reaction. If this were possible, 
we might easily clear up this exerescence. In support of our contention, how- 
ever, that there is a direct quantitative relationship between stimulus and _re- 
sponse; note that a progressively longer time is required for the return of the 
reticulocyte count to control level, indicating that the reaction was greater than 
the peak count would indicate. As already stated this relationship of stimulus 


100 


Ww 
O 


w 
a 
w 
a 
“a 
w 
> 
Z 
2 


20 30 


Fig. 5.—Showing that an initial maximum response of the hemopoietic system may be 
so exhaustive to the bone marrow that neither spontaneous reticulocyte showers nor subsequent 
typical response to severe hemorrhage occurs (Animal R-54). 
to response applies only within limits. When the stimulus (hemorrhage) ap- 
proaches maximum proportions, the response can be maximum only for the set 
of new conditions established, and any further depletion of the animal’s blood 
hampers rather than facilitates hemopoiesis. Evidence in support of this is 
discussed under the ‘‘ Effects of Repeated Hemorrhage’’ (see Fig. 5). 

(2) The latent period throughout the experiment was consistently betwee? 
twenty-four and forty-eight hours (Table III). 

(3) The time required to reach a maximum reaction, whether in respons: 
to a mild or severe hemorrhage, is from two to five days, the average being aj) 
proximately three days (Table III). 
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(4) The time required for the reticulocytosis to subside is in direct propor- 
tion to the degree of hemorrhage (Table IIT). 

Effect of Repeated Hemorrhage Upon the Hemopoictic Mechanism.—The 
question of how often and to what extent the bone marrow can accomplish re- 
placement of cells lost is pertinent. We have, therefore, repeated the with- 
drawal of blood upon a number of animals immediately after the reticulocyte 
count returned to and was maintained at control level and have been able to 
demonstrate that (1) loss of comparable small quantities of blood, ie., up to 
0.5 per cent of the body weight gave rise to similar responses and complete 
replacement (Fig. 2); (2) loss of different, vet small quantities of blood gave 
rise to different but proportionate responses (Fig. 3); (3) in animals where the 
response was originally weak (in no case has it been absent) it remains weak 
upon repetition (Fig. 4). Following extensive initial withdrawals of blood 
(1 per cent of the body weight and up) repetition of the hemorrhage resulted in 
indefinite or very slight responses even when the withdrawals of blood were 
separated by fifty or more days (Fig. 5). So exhaustive to the bone marrow is 
the initial response in these cases that subsequent spontaneous reticulocyte 
showers are absent or only slightly apparent. This fact is very important to 
remember for present interpretation of experiments bearing upon the life dura- 


tion of the red blood cell. Only bone marrow which has given initially a sub- 
maximal response can be expected to react to a subsequent stimulus furnished 
either by a second withdrawal of blood or by the mass senescence of a genera- 
tion of red blood cells. 


TABLE 1V 


SHOWING THE TYPE OF RETICULOCYTE REACTION ELICITED, AND THE NUMBER OF ANIMALS 
GIVING Eacu TYPE OF RESPONSE 


NUMBER NUMBER AND PERCENTAGE OF ANIMALS 
serres | OF ANT SHOWING SHOWING SHOWING SHOWING 
ou") MALS IN | PRIMARY RESPONSE SECONDARY COMPOSITE INDEFINITE 
SERIES ONLY RESPONSE ONLY RESPONSE ONLY RESPONSE 
1 4 75% (3 animals) 0 25% (1 animal) 0 
2 8 87.5% (7 animals) 0 12.5% (1 animal) 0 
- 3 10 60% (6 animals) | 209 (2 animals)|20% (2 animals) 0 
Total 22 73% (16 animals)| 9% (2 animals)|18% (4 animals) 0 


Primary and secondary hemopoiesis probably involved: In the whole series 
of 22 rats in which the bone marrow was stimulated by hemorrhage, we were 
able to detect four types of response: (1) a primary response (Fig. 6); (2) a 
secondary or latent response (Fig. 7); (3) a composite response (Fig. &) ; and 
(4) an indefinite or slight respense (Fig. 4 and Fig. 5, curve B). In all cases the 
“latent period’? of reaction was used as the index for determining whether the 
response was primary or secondary, and the reticulocyte count was used as the 
index of the extent of the response. Table 1V shows the distribution of the four 
ty ves of reaction. 

Primary response gives cvidence of the life duration of the red cell: It is 
elear that eurves of the type shown in Fig. 6 illustrate a simple prompt reaction 
of the hemopoietic mechanism to hemorrhage, raising the reticulocyte count 
momentarily to 9.2 per cent. At definite intervals thereafter (nine days) seeond- 
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Fig. 6.—Showing simple (primary) reaction followed by two spontaneous reticulocyte showers 
at intervals of 9 days each (Animal R-7). 
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Fig. 7.—Showing the secondary type of reaction, followed by two spontaneous reticuloc, te 
showers at 7-day intervals (Animal R-56). 

Note. In Fig. 6 a corresponding but weaker response of this type is shown in addition to 
the main primary reaction. 
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ary peaks occur spontaneously. These peaks are preceded by low reticulocyte 
counts, showing that a subsidence of the initial reaction oceurred. Subsequently 
a spontaneous reaction takes place resulting, we believe, from the mass senescence 
or destruetion of all those cells which represented the initial or preceding reac- 
tion, thus furnishing the necessary stimulus. This being true, the life duration 
of the red blood cell in the rat would be represented by the time interval between 
reticulocyte showers which in this case is about nine days. 
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Fig. 8.—Showing the composite type of reaction. In this graph both primary and 
secondary reactions are seen, each followed in 9 days by its respective spontaneous reticulocyte 
showers (Animal R-8, series 4). 


Secondary response: In Fig. 7 the predominant response is one requiring a 
nine-day period for completion. This we have interpreted as a secondary type 
of reaction. Again following the peak of this secondary reaction, periodic 
reticulocyte showers occur, but this time at seven-day intervals. This is the 
shortest interval found for these spontaneous showers. Whether red blood cells 
which have been produced by secondary hemopoiesis under stress of hemorrhage 
become senescent at an earlier age than those furnished by the more prompt 
primary hemopoiesis, our experiments do not definitely show. The two animals 
of our series which gave this latent type of response showed spontaneous showers 
at seven and eight days, respectively. 

Primary and secondary responses: Fig. 8 is a typical example of the most 
complicated curve of our series. In it both primary and secondary responses 
oer, followed by their respective spontaneous showers. The initial primary 
pecs oeeurs in four days; the secondary in nine days. By counting nine days 
(it varies in different rates from seven to nine days) from the peak of either the 
privary or the secondary reaction, one may establish responsibility for all the 
int: mediate spontaneous reticulocyte showers. 
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Indefinite types of response: As already mentioned, not all animals show 
the typical primary or secondary reaction to hemorrhage under all conditions. 
Also a most striking deviation is that found when a seeond hemorrhage follows 
a typical reaction from a loss of blood of from 1 per cent of the body weight up 
(see Fig. 5, curve B). It appears that even though the bone marrow is capable 
of initial replacement of blood loss; it is not able to repeat the process with the 
same effectiveness even after protracted periods. This not only is demonstrated 
in our repeat experiments, but also is evident in all those experiments where 
marked initial responses occurred so as to prevent the appearance of any spon- 
taneous reticulocyte showers. Therefore, indefinite responses, as we have ob- 
served them, may be found occasionally in seemingly normal animals (Fig. 4), 
and in reactive animals following severe hemorrhage (Fig. 5, curve B). 

It is clear from this fact that to determine the life span of the red blood 
cell by a study of the spontaneous reticulocyte showers following hemorrhage, 
the stimulus must be of submaximal value for primary hemopoiesis, and prefer- 
ably subminimal for secondary hemopoiesis. Otherwise compound or indefinite 
responses becloud the results. 

CONCLUSIONS 


1. A method for making and counting permanent preparations of rat 
reticulocytes is deseribed. 

2. Average control values for reticulocytes in rat blood are given for 22 
animals. 

3. Hemorrhage was found to be a sufficient and quantitative stimulus for 
the rat’s hemopoietic system, within the limits described. 

4. The span of life of the red blood cell in the albino rat was determined 
by autonomous blood replacement following hemorrhage, and averages 8 to 9 
days. The spontaneous reticulocyte showers which follow hemorrhage were 


used as the index. 
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THE EFFECT OF ALKALOSIS ON THE BLOOD PICTURE IN CHRONIC 
SPLENOMYELOGENOUS LEUCEMIA* 


Rosert D. BARNARD, M.D., AND Perry W. Ross, M.D., Cuicaco, IL. 


INCE Menten! reported that the blood pH was increased in many instances 

of human malignaney, there have been attempts to invoke a relationship, 
causal or otherwise, of alkalosis to cancer. MeDonald? holds such a relation- 
ship to exist, and particularly in Europe, cancer has been treated by the ad- 
ininistration of acid. In the ease of transplanted animal tumors, Woglom*® was 
unable to influence their growth rate by the administration of either acid or 
alkali, while Barnard* reported an apparent diminution in the growth rate of 
transplanted mouse sarcoma during periods of dietary alkalosis. Parfentjev, 
Devrient, Suntzeff, and Sokoloff’ caused regression in a large percentage of 
transplanted rat tumors by the administration of lactie acid. As the latter sub- 
stance was given as the sodium salt and as the lactates have an alkaline ash, it is 
difficult to decide from their studies whether the end result in this case was due 
to the effeet of acid or of alkali. 


We have had the opportunity of observing the blood pictures of two patients 
with chronie splenomyelogenous leucemia during the administration of large 


doses of sodium bicarbonate. That alkalosis was actually induced in these cases 
was adjudged from the ¢linical symptoms. Bradypnea, prostration, and gen- 
eralized anasarea developed concomitantly with the administration of the alkali 
hut subsided upon the cessation of administration. The clinical pieture of 
alkalosis is a much better criterion for the development of this state than the 
determination of blood 

It was thought that such observation might indicate to us whether or not 
there was any stimulation of neoplastic processes as a result of alkalosis. 
Whereas bone marrow studies would probably have been more conclusive, they 
were unavailable. Nevertheless, we feel that the data presented, when analyzed, 
indieate that there is no stimulation of neoplastic tendency, at least in this par- 
ticular neoplastic disease, by the induction of alkalosis. 

The patients on whom the study was made were adult males, one in the 
fourth and the other in the sixth decades. Both had had courses of roentgeno- 
therapy; one, three years, and the other one year before the present study. Their 
conditions were clinically stationary at the time, and each consented to the 
alkalinization procedure. Both patients died shortly after the data were ob- 
te'ned; one from cerebral embolism, two weeks following the last dose of alkali 


*From the Therapeutics Service of the Cook County Hospital, Chicago. 
Received for publication, March 1, 1939. 
7See in this connection the authors’ editorial in the J. A. M. A., July 27, 1931. 
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CASE 


% of leukocytes classified on the basis 
of the Schilling count. 
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(Case 2) ; and the other patient, we were informed, died about a month following 
the last observation. Although the relationship of the alkalosis to the deaths of 
these patients is open to question, we have not held it justifiable to repeat the 
procedures. 

Fig. 1 gives the essential data on Case 1. The Schilling® count during the 
period of alkalinization shows a definite trend toward the right, though before 
this period it is apparent that the patient was headed for a relapse sinee the 
hemogram was shifting to the left. Upon cessation of the administration of 
alkali, the patient was given magnesium sulfate, 20 em. per day, to assist in 
removing the edema fluid that had accumulated during the period of alkalosis. 
It is of interest in this connection that divalent cations like magnesium are 
acidifiers’ 


9 


classed as when given orally (Van Slyke and Peters’). 

That the inerease in total cells in the circulation is due to persistence of 
mature forms in the blood rather than to an inereased production of leucoeytes, 
is inferred from the urie acid excretion, whieh was followed in Case 1 and whieh 
fell during this period. 

Fig. 2 shows the distribution of cells in the hemogram of Case 1. The great- 
est drop during the alkalosis period was in the least mature (myeloid) cells, the 
percentage of mature cells rising most. 


TABLE I 


W.B.C. FILAMENT IMMATURE CELLS PER C.MM. 


525,600 28.2 375,945 
20 gm. 
20 gm. 
50 gm. 521,000 32.8 350,112 
50 gm. 
50 gm. 
50 gm. 
50 gm. 
50 gm. 
50 gm. 
50 gm. 
567,500 39.6 542,770 


Table I shows the result of alkali administration on the filament-nonfilament 
cell ratio in Case 2. Here again, there is a definite shift to the right during 
alkalosis. We did not succeed in obtaining blood smears after the period of 
alkalinization was over. The shift, however, during the period of observation, 
is in the opposite direction from that to he expected were there any stimulation 
of myeloblastie activity. 

SUMMARY AND CONCLUSIONS 


The induction of a period of alkalosis by the administration of large quanti- 
ties of sodium bicarbonate to two patients with splenomyelogenous leucemia, did 
no! stimulate myeloblastic activity as determined from a study of their hemo- 
grims. In faet, there seemed to be a tendency toward inhibition of leucopoiesis 
during this period. Sinee myeloblastie activity, in this condition, is presumably 
nev plastie, it is concluded that this study has furnished evidence against the 
relationship of alkalosis to neoplasia. 
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OBSERVATIONS ON REDUCING SUBSTANCES IN THE BLOOD 
PLASMA OF RHEUMATISANTS* 


Rene DANpuRAND, M.D., Monrreant, CANADA, AND C. WeESLER ScuLL, Pu.D.., 
AND RALPH PEMBERTON, M.D., PHILADELPHIA, Pa. 


INTRODUCTION 


CONSIDERABLE series of observations has been conducted by one of us 
(R. P.)' and his associates upon the metabolic deviations encountered 
among patients with chronic rheumatoid diseases. Early in the course of these 


studies it was noted that certain persons with arthritis presented evidence of a 
delayed rate of removal of glucose from the blood following ingestion of this 
carbohydrate. In a number of such patients convalescence, when associated wit! 
significant therapy such as the removal of foei of infection, was marked by a 
return to a normal ‘‘glucose tolerance.’’ The experimental evidence available 
to date has suggested strongly that the delayed rates of removal of glucose in 
question represent chiefly or wholly a disturbance in the circulation, especially 
in the finer vascular channels. This view is supported by the fact that the 
respiratory quotient of such patients is normal.*;* There has thus been little 
basis for assuming a contributory deviation of panereatie function. Such a 
possible deviation has not been eliminated, however, and the appearance of « 
new method for fractionating reducing substances in the blood suggested the 
possibility that further data bearing upon this question might be obtained. The 
method, described by Polonovski,‘ for estimation of chromic acid equivalents 
provides a means of partitioning the reducing substances. It appeared that th: 
application of this procedure to groups of rheumatie subjects would show 
whether an excess of intermediary products of carbohydrate metabolism aceumi- 
late in the fluid tissue of arthritie persons. Another point of incidental inte: 
est in evaluating these fractions is derived from the fact that the nonglucos 
fraction includes pyruvie acid, a substance known to be inereased in states ©’ 
*From the Laboratory of Rheumatoid Diseases, Abington Memorial Hospital, Abington, I’ 
The expenses of this investigation were defrayed in part by a grant in memory 


Alexander B. Coxe. 
Received for publication, April 26, 1939. 
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vitamin B, deficiency. This consideration is relevant in that certain clinical 
symptoms of chronic arthritis are regarded as possibly due to a state of inade- 
quaey with respect to this vitamin. For these reasons, observations have been 


condueted upon a series of 55 patients with chronic arthritis with respect to the 
levels of reducing substances in the fasting blood plasma. Further observations 
have been made upon the levels of the reducing substances in the blood plasma 
of 17 subjects in the same series following the administration of glucose by mouth. 


PROCEDURE 


The procedure for estimating the sulfurie-chromice acid indices of reducing 
substances has been extensively used in France. Since a description of the 
method may not be generally available, an explanatory account of the slightly 
modified procedure employed in the present studies is presented. Venous blood 
from fasting subjects is transferred to a test tube containing about 100 mg. of 
sodium fluoride. The sodium fluoride prevents coagulation and inhibits glycoly- 
sis. The specimen is centrifuged for ten to fifteen minutes at 3,000 r.p.m. to 
separate the cellular elements. All glassware used in the procedure is kept in 
sulfurie-chromie acid cleaning solution and thoroughly rinsed with water just 
before use. Two millileters of plasma are added to 2 ml. of sodium tungstate 
solution (10 per cent) contained in a 15 ml. centrifuge tube. After mixing with 
a glass rod, 2 ml. of a solution of sulfurie acid (2/3 N) are added and mixed. 
After standing fifteen to twenty minutes, the mixture is diluted with 4 ml. of 
distilled water and again mixed. After centrifugation 2 ml. of the supernatant 
fluid is transferred to a test tube containing 10 ml. of sulfurie-chromie acid 
mixture (N/10). (This mixture is prepared by combining 250 ml. of a solu- 
tion, containing 1.96 gm. KoCr.O; per 100 ml. of water, with 250 ml. of econcen- 
trated sulfuric acid in a 1,000 ml. flask, and diluting to volume with water.) 
A blank determination is run with 2 ml. of distilled water replacing plasma. The 
mixture is heated in a boiling water bath for one hour. The mixtures are stirred 
at ten-minute intervals with a glass rod. After heating, the tubes are cooled in 
running water, and the contents, together with the water used in washing, trans- 
ferred to Erlenmeyer flasks, making a final volume of approximately 75 ml. One 
milliliter of potassium iodide solution (50 per cent) is added, mixed gently, and 
sodium thiosulfate (N/10) is run in from a burette until the solution presents 
a pale yellow color. At this point 4 drops of starch solution (1 per cent) are 
added, and the titration is continued to the usual end point. The difference 
hetween the volume of sodium thiosulfate required for the blank and the amount 
required to reach an end point with the deproteinized plasma represents the 
amount of ehromie acid reacting with the reducing substanees in 0.4 ml. of 
original plasma. This quantity, when multiplied by 2.5, shows the amount of 
\/10 chromic acid used by 1 ml. of plasma, and is designated as the I.C.T., or 
index ehromie total. According to the usual terminology, this represents the 
total redueing substances in terms of chromic acid equivalents. A glucose de- 
{-rmination is made at the same time with 2 ml. of the protein-free supernatant 
iiiid, using the Benedict® method. The value so obtained, when multiplied by 
133 (faetor for conversion to the chromie acid equivalent for glucose) is ealled 
te L.C.G., or index chromie glucose. This value might be known simply as the 
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glucose reducing equivalent. The difference between the total and the glucose 
fraction is called the I.C.R., or index chromic residue. This, according to the 
conventional usage, may be called the nonglucose reducing fraction in terms of 
chromie acid equivalents. 
CALCULATIONS 

I.C.T. = Titration of blank milliliters—titration of plasma milliliters x 

f — factor for Na.S,O, 
I. C.G. = Glueose (mg./ml.) x 1.33 
J.C. R. = I. C. T. - I. C. G. 

TABLE 


LEVELS OF REDUCING SUBSTANCES IN THE BLOOD PLASMA CLASSIFIED ACCORDING TO 
CLINICAL GROUPS 


REDUCING 
| CHROMIC ACID EQUIVALENTS 

TIONS | GLUCOSE | NONGLUCOSE 
LC.R. 
Atrophie : | 2 Max. 2.28 | 1.5% 1.04 
Min. 9: 0.09 
Avg. 0.48 


TYPE 


Hypertrophic Max. 0.78 
| | Min | 1: 9: 0.24 
Avge, | 169 | 12 0.49 


Mixed | Max. 2.1! 38) 0.95 
Min. ASS 0.21 
| 0.61 


Fibrositis 56 | Ag 0.60 
| 0.31 
0.42 


Miscellaneous ‘ Max. 16 oO 0.66 
rheumatoid* F 0.44 
| | Ave. | 2 | 0.53 


Nonrheumatoid 
controls 


0.30 
oF 


0.37 


| 0.44 


*Dupuytren’'s contracture, atypical atrophic, pituitary obesity, possible gonococeal arthritis. 


DISCUSSION 


The patients included in this series are often classified as arthritie or rheu- 
matic. However, both of these terms hold special implications: the former, ar 
ticular inflammation; the latter, rheumatie fever. We suggest, therefore, the 
term rheumatisants (Dorland’s Medical Dictionary) as descriptive of the series. 
This is an English word derived from the Freneh, having in eurrent usage no 
limiting concepts, and hence suitable to designate persons with rheumatism or 
arthritis in the general sense. The subjects are classified according to the usua! 
balanced clinical evaluation, and are designated as atrophic, hypertrophie, mixed 
arthritis, fibrositis, and miscellaneous rheumatoid groups, the latter ineludine 
those persons who cannot be classified under any other group. The data arranged 
according to such a classification are presented in Table I. The maximal anc 
minimal values for each fraction of reducing substance, namely, I.C.T., L.C.G 


DANDURAND ET REDUCING SUBSTANCES IN PLASMA OF RITEUMATISANTS 


and LC.R., are presented for each class. In addition, the arithmetical average 
for each elass is shown. The number of nonrheumatoid controls presented here is 
shown merely to indicate the general correspondence of these data with other 
series. The extensive data of Warembourg® show that normal 1.C.R. levels of re- 
dueing substances vary from 0.30 to 0.50, and the present figures for normals fall 
within these limits. No attempt has been made to repeat the work of others as to 
the varieties of disease in which comparable deviations oeeur. Levels higher than 
normal have been found by several observers in diabetes, terminal stages of 
nephritis, and certain hepatie diseases. It is obvious that deviations from norma! 
are not pathognomonie for any particular clinical state. The range of values en- 
countered in each group of rheumatisants, however, is rather wide and tends to be 
outside that encountered among normal subjects. Inspection reveals that the 
average I.C.G. fractions (reflecting the amount of glucose) vary among the several 


groups from 1.06 to 1.20, thus differing by a maximum of only 13.7 per cent. The 


average LC.R. fractions (reflecting the amount of nonglucose reducing sub- 
stances) among the several groups vary from 0.42 to 0.61, thus differing by an 
average of 45 per cent. 

Patients classified as atrophic or fibrositie show average I.C.R. levels similar 
to those of normal persons. Such averages, however, tend to obscure certain facts 
whieh are evident in the tabulations of individual eases. Thus certain individual 
members of the atrophie class show abnormally low figures. Some individual 
members of the hypertrophic group also show abnormally low figures. It is not 
possible at present to correlate these figures with the elinieal features which char- 
acterize these patients. 

On the other hand, the hypertrophic, and particularly the mixed, arthritic 
persons show, when averaged, group levels of nonglucose reducing substances in 
excess of normal. The data, as a whole, suggest that the conventional clinical 
groupings of arthritic persons, based upon the miecroseopie and gross morbid 
anatomy of the joints, do not fully parallel the physiologic deviations indicated. 
In this connection note may be made of the few extremely low values for LC.R. 
encountered in certain subjects. Subnormal levels may be, conceivably, attributed 
to a relative deficiency of vitamin C. It may be observed further that those per- 
sols presenting levels of nonglucose reducing substances higher than normal may 
largely refleet an increase of pyruvie acid and hence may be regarded as subjects 
of possible deficieney of vitamin B. The data presented are not sufficiently clear- 
eut on these points to provide a basis for generalization. Therapeutic feeding 
experiments with vitamin ( in the tormer instanee, and with vitamin B in the 
latter, are necessary in order to provide a crucial test of these possibilities. 

The afore-mentioned studies were conducted upon fasting subjects. In order 
to larify some of the questions arising therefrom, studies were also made upon 
the rate of removal of glucose, following alimentary administration, on 17 pa- 
tie ts ineluded in this series. Such observations have been made upon 7 atrophie 
art iritie persons, 3 hypertrophic arthritic persons, 6 mixed arthritic persons, 1 
rheumatoid person with pituitary disturbances, and 3 normal persons. The glu- 
COs: curves in this series are, for the most part, within the normal limits of varia- 
tio. However, a few present evidence of a slightly delayed rate of glucose re- 
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TABLE 


LEVELS OF REDUCING SUBSTANCES IN BLOOD PLASMA FOLLOWING INGESTION OF GLUCOSE 


KEDUCING FRACTIONS 
| GLUcose | CHROMIC ACID EQUIVALENTS 
MEAL | TIME | MG. PER NON- CLINICAL NOTES 


PA- | 
TIENT | 


TOTAL GLUCOSE | 
100 ML. LOT LC.G | GLUCOSE 


B. |Glucose with | Fasting 1.56 0.99 0.37  |Atrophic, without 
lemon juice 1 hour 110 : 1.46 0.70 evident foci of in 
2 hours 90 1.19 0.87 fection 
hours SO 1.06 0.46 


Glucose alone | Fasting 92 | OT 1.22 0.35 |Atrophic, with pros 
1 hour 128 3.00 3.03 0.27 tatitis 

| 2 hours 170 73 2.26 0.46 

| 3 hours 122 2. 0.47 


Glucose with Fasting 92 8 22 0.63  |Hypertrophie, with- 

lemon juice | hour 205 3.5 A 0.78 out evident foci 
2 hours 170 3. 2.26 0.98 of infection 

3 hours 130 | 25 0.78 


moval. Such delayed rates are most apparent in the severely ill active atrophic 
arthritic persons who might, according to some students, be classified as ** infee- 


tious’? arthritic persons; and in hypertrophic arthritie persons, in whom the 
greater average age of the group may contribute toward a ‘‘ decreased glucose 
tolerance.”’ 

Many of the patients in this series had previously been treated for removal 
of foci of infection and were not, at the time of observation, under the influence of 
such infective factors. The comparatively low incidence of delayed rates of glu- 
cose removal in contrast to the higher incidence of abnormal curves in earlier 
observations may be due to this fact. However, the patients under observation 
presented clinical evidence of disability and a certain degree of arthritie activity. 
The data in 3 representative cases are presented in detail in Table IL to 
illustrate the salient features encountered. A few of these observations were con- 
ducted with a routine hospital procedure, which includes the administration of 
lemon juice as a component of the glucose solution. Lemon juice contains reduc- 
ing substances other than glucose. Only those subjeets who received lemon juice 
with the glucose showed significant increments in the nonglucose fractions. This 
suggests that there is no primary disturbance in carbohydrate metabolism in the 
instances which show a high curve. 


SUMMARY 


Observations have been made upon a series of 55 patients with chronic 
arthritis of varied types in respect to the levels of substances having the common 
property of reducing chromie acid. These consist of glucose and of nonglucose 
materials. The blood plasma of rheumatisants presents deviations from norm:! 
mostly in the direction of an excess of reducing substances other than glucos:. 
These deviations from normal are not confined to any one group of rheumat'” 
subjects. Within the clinical pathologie groups discussed, wide individual vari: - 
tions are noted, the physiological significance of which is not clear. The distrib: - 
tion of reducing materials in the blood following alimentary administration sui - 
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ports the view previously suggested in principle that, when the rate of removal 
is delayed, the disturbance is not one of specific interference with the metabolism 
of glucose, but is probably referable to a circulatory mechanism. 
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BLOOD CYTOLOGY OF THE NORMAL DOG* 


M. L. Morris, D.V.M., Srewron, N. J., AND JAMES B. ALLISON, Pu.D., AND 
Davin F. Green, Pu.D.. New Brunswick, N. J. 


S INCE the dog is commonly used as an experimental animal, numerous studies 


involving the hematopoietic system have appeared in the literature. Although 
a large majority of these data are comparable, the extreme variation indicates 
that all the information was not obtained upon dogs which were in a similar state 
of health, nor were the dogs examined under the same conditions. An excellent 
survey of this type of literature on the blood picture of normal dogs was made 
by Searborough' in 1930. It is possible to determine, with a fair degree of ae- 
curacy, the blood eytology of normal adult dogs from this survey. The same 
year Mayerson? reported on the blood cytology of 60 normal dogs, and _ his 
results are in approximate agreement with those summarized by Searborough. 

It is questionable whether data collected under the conditions of experi- 
nental laboratories should be used to establish normal indices for dogs examined 
under the routine of a small animal hospital. Experimental dogs are usually of 
mixed breeds taken from the pound, and their previous history is unknown. 
Many dogs received at hospitals are refined breeds with known histories. Further- 
more, the literature does not contain sufficient information concerning the blood 
picture of young dogs, and a large pereentage of hospitalized animals are pup- 
pies. 

The present investigation was undertaken, therefore, to establish average 
indices for normal dogs of various breeds and ages which were received and ex- 


*From the Raritan Hospital for Animals, Stelton, and the Bureau of Biological Research, 
Ritgers University, New Brunswick. 
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amined under routine hospital conditions. The examination ineluded the owner’s 


history of the dog, clinieal observations by a veterinarian specializing in small 
animal practice, examination of the feees for parasites, and blood and urine 
analyses if they were requested by the clinician. Sixty-six normal dogs were 
selected from approximately 1,000 animals which represent a cross section of 
the elinie. Most of the young dogs used in this study were brought to the hos- 
pital for distemper prophylaxis and were free, or practically free, of intestinal 
parasites and were in excellent health. The older dogs were not always entirely 
free from intestinal parasites and some of them had minor disorders, but aceord- 
ing to our experience, they were in better condition than the average normal dog 
selected from a pound for such studies. The data should give indices for blood 
evtology that ean be used as a future reference for interpreting the results of 
the laboratory on abnormal animals. 


METHODS 


Blood was obtained from the radial or saphenous veins. A 20 gauge needle 
was used on all dogs except the very small ones, where a 25 gauge needle was 
used. The vein was distended by pressure and the needle immediately inserted. 
While the blood was flowing freely from the needle, samples for the erythrocyte 
and leucocyte counts were collected directly in Thoma pipettes according to the 
standard technique. Hayem’s solution was used to dilute the blood for the 
erythrocyte count, and 2 per cent acetic acid was used as a diluent for the 
leucocyte count. A 20 ¢. mm. sample was diluted 1:400 with N/10 hydrochloric 
acid for the hemoglobin determination. The needle was then removed from the 
vein, and small drops were forced from the point onto clean glass slides. A heavy 
cover glass, such as is used for a counting chamber, was then touched to the 
blood, and thin even smears were prepared by drawing the blood along the slide. 

The pipettes were enclosed in rubber bands to prevent losses and evapora- 
tion. The samples were shaken by hand for two minutes and the first 2 to 3 drops 
were blown from the pipette. A Hellige counting chamber, with improved Neu- 
bauer rulings, was then filled. The leucocytes were counted immediately while 
the erythrocytes were allowed to settle for about two minutes. The four corners 
(64 large squares) were counted for the leucocytes and 80 small squares for the 
erythrocytes. When distribution was quite even, only one chamber was counted. 

Blood smears were stained with Wright’s stain. The differential leucocyte 
count was made by counting 100 cells according to the meander method as out- 
lined by Gradwohl.’ The cells were classified into various groups, using the 
Schilling method of classification. With this method, the polymorphonuclear 
neutrophiles are classified as, myelocyte, juvenile, stab, or segment. The first two 
forms are very rarely found in the blood of the normal dog. In order to elassif) 
a cell as a stab, the nucleus had to have the typical band form. The nueleus of 
the segments of the dog is not well divided, or segmented, as are those of man 
If the neutrophiles of the dog were classified by Arneth’s method, there would 
apparently be a shift to the left in comparison with the values found normal fo: 
man. 

The work reported here was done by eight trained technicians. Howeve 
60 of the counts were about equally divided among four of them. The error i: 
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the enumeration of the cellular elements was between 5 and 10 per cent. Accord- 
ing to controlled tests, the error for the erythrocyte counts was about 300,000, 
and for the leucoeyte counts about 500. 

Hemoglobin determinations by the Neweomber method were accurate to 
within 3 per cent. The determinations made on the Haden-Hausser hemoglo- 
hbinometer were to the nearest 0.5 em. 


HEMOGLOBIN RED BLOOD CELLS 


IOOML. 
fe) 
fe) 
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MILLIONS PER CMM. 
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= 
23 4 5 6 7 We 7 
AGE IN YEARS 
Fig. 1.—Grams of hemoglobin per 100 ml. of blood and millions of red blood cells per 


cubic millimeter of blood in 66 normal dogs are plotted against age. The open circles represent 
data from males; the closed circles data from females. 


wBCc SEG LYMPH. 
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_Fig. 2.—The distribution of white blood cells, segments, lymphocytes, and stabs is shown 
35 dogs, 2 to 8 months old, in the lower series of plots, while similar distributions are illus- 
ted for 31 dogs, 9 months to 12 years old, in the upper plots. 


RESULTS 
The data in Table I and Fig. 1 demonstrate that the number of red blood 
ls and the coneentration of hemoglobin increase from 2 months of age to 
iberty, which is approximately 8 months in a majority of the breeds investi- 
ited. The average red cell count for the 35 dogs from 2 to 8 months, inclusive, 
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is 5.3 nMllions per «. mm., and the average hemoglobin concentration is 12.6 gm. 
per 100 ml. of blood. The average values for the 31 older dogs are 6.2 millions 
red blood cells per ¢. mm., and 15.1 gm. of hemoglobin per 100 ml. of blood, with 
mean deviations of 0.54 millions cells and 1.09 em. of hemoglobin, respectively. 
The average corpuscular hemoglobin, caleulated by dividing the concentration of 
hemoglobin in 100 ml. of blood by the number of cells is 24 « 10°! em. for 
the 35 young dogs, and 24.3 x 10°? em. for the 31 adult animals with mean 
deviations of 0.294 and 0.184, respectively. 


TABLE II 
SUMMARY oF DATA ON LEUCOCYTES From TABLE I Divipep INTo Two AGE GROUPS 


AVERAGE MEAN DEVIATION MEAN. DEVIATION 
NUMBER OF NUMBERS PER CENT OF PER CEN 


months to months 
W.B.C. 12,165 1715 
Seg. 6,795 1,760 
Lymph. 1,051 912 
Stab 276 
Eosin. 137 
Mono. 
% months to 12 years 
W.B.C. j 1.489 
Seg. 1.280 
Lymph. 
Stab 
Eosin. 
Mono. 


The total white blood cell counts and the differentials for each animal are 
recorded in Table I, summarized in Table I], and illustrated graphically in Fig. 
2. The data in Table II and in Fig. 2 have been separated into two age groups. 
The lower plots in Fig. 2 represent the distribution of white blood cells in dogs 
2 to 8 months of age, while the upper series of plots represent the distribution 
in adult animals. The average total white count for the vounger dogs is 12,165, 
which is slightly higher than the average value of 11,467 found for the adults. 
The average differential count for dogs 2 to 8 months, inclusive, expressed in 
percentages, is 62.5 per cent polymorphonuclear neutrophiles, 33.3) per cent 
lymphocytes, 3.97 per cent eosinophiles, and less than 1 per cent mononuclear 
cells. The differential for the older dogs is 71.8 per cent polymorphonuclear neu- 
trophiles, 21.7 per cent lymphocytes, 5.4 per cent eosinophiles, and less than | 
per cent mononuclear cells. Mean deviations are used in Table II instead of thie 
customary record of maximum and minimum number of cells found, because we 
believe that the former is a better basis for establishing the normal and for test- 
ing the aceuracy of the data. 

DISCUSSION 


The average number of red blood cells in young dogs is distinetly below t/ie 
average number for the adult dog. This result is in agreement with the recors 
in the literature. Wells and Sutton,’ for example, found the red blood cell count 
for 8 dogs from 3 to 16 days old to vary from 3.3 to 5.2 millions per ¢. mm. | \¢ 
average count was 4.3 millions. In 6 adult dogs, 3 males and 3 females, tl) se 
authors found an average of 6.71 millions red blood cells, with extremes of 7.1 '0 
5.7. The average value for adult dogs of 6.2 millions red blood cells per ¢. 1°. 


55.85 9.82 
8,24 
6.70 2.17 
3.97 3.51 

O15 
05.27 6.55 
21.72 4.98 
6.56 2 
3.00 

0.67 
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obtained from our data is in excellent agreement with an average red blood cell 
count of 6.3 millions per ¢. mm. ealeulated from data on 566 dogs by 71 investi- 
vators reviewed by Scarborough. Wintrobe, Shumacker, and Schmidt® re- 
ported a higher average of 7.02 millions per ¢.mm. in 54 dogs. These authors 
found an average count of 7.16 millions in 22 male and 6.78 millions per ¢.mm, 
in 10 female dogs. Our figure compares favorably with the average of 6.49 
millions red blood cells caleulated from Mayerson’s*? data from 37 male and 
23 female dogs. The average for the maies in his data is 6.46, and for the 
females is 6.53 millions red blood cells. For all practical purposes the data 
presented here. as well as those appearing elsewhere, can be interpreted to 
mean that in normal dogs after puberty the number of red blood cells per eubie 
- millimeter of blood is little influenced by age, sex, or breed. 

As the number of red blood cells inerease with age, the concentration of 
hemoglobin in the blood also increases. This is to be expected since our data 
prove that the corpuscular hemoglobin is essentially independent of age. The 
higher mean deviation in the corpuscular hemoglobin in young dogs, as eom- 
pared to the older dogs, may be significant, but the difference between the aver- 
age values of 24.0 ~ 10°! and 24.3 « 10°', respectively, is small. These aver- 
ages agree with the majority of those caleulated from data on adult dogs in the 
literature. For example, an average of 15.6 gm. of hemoglobin per 100 ml. of 
blood was obtained from an analysis of data reviewed by Searborough on 120 
dogs. If 15.6 is divided by the average number of cells calculated from data in 
his review, the corpuscular hemoglobin equals 24.7 x 10° em. Mayerson® re- 
ported corpuscular hemoglobin equal to 20 =~ 10°'? em. for his data on 60 normal 
dogs. This value is low due to an average hemoglobin concentration of 13.01 
gm. and, as he suggested, may be the result of the semitropical environment of 
his dogs. Wintrobe, Shumacker, and Schmidt® calculated the mean corpus- 
cular hemoglobin for 54 dogs to be 21.2 « 10°'? em. which is lower than our 
value, primarily because of the greater number of red blood cells. Our data, 
tovether with an analysis of the data in the literature, lead to the conclusion 
that there is no marked effect of age, sex, or breed upon corpuscular hemoglobin, 
or upon the hemoglobin concentration of the blood in adult animals. 

The tendeney for young dogs to have a higher white count, a greater pro- 
portion of lymphoeytes, and fewer polymorphonuclear neutrophiles than adult 
dogs, whieh is apparent in our data, has been mentioned in Searborough’s re- 
view. Our data show that the lower percentage of polymorphonuclear neutro- 
philes in young dogs than in adult dogs is due te a lower relative number of seg- 
mets beeause the percentage of stabs is similar in the two age groups. The 
mean deviation for the percentage of segments and lymphocytes is greater in 
the dogs from 2 to 8 months than in the adult animals. This differenee would be 
expected sinee there must be an adjustment of the number of these cells to the 
adi't condition. Our data indicate that there is no marked change in the rela- 
tiv. number of the other cells with age. The differential count whieh Searbor- 
oug': reported for adult dogs of 69 per cent polymorphonuclear neutrophiles, 20 
per cent lymphocytes, 5 per cent eosinophiles, and 6.7 per cent large mononuclear 
anc ivansitional forms is similar to our averages. The slightly higher percentage 
of } olymorphonuelear neutrophiles in our data may be due in part to the in- 
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clusion of transitional forms as stabs. The percentage of mononuclear cells in 
our data is lower, however, than the 1 to 5 per cent often reported. 

It is evident that wherever comparisons can be made the data obtained under 
the routine conditions of a small animal hospital are in good agreement with the 
data reported from experimental laboratories. Apparently there is no essentia! 
difference between studies made on finer breeds of dogs kept as pets and the 
average normal pound dog. The data we have presented, therefore, will be help- 
ful in establishing indices for blood eytology of normal young and adult dogs 
and ean be used as a reference for interpreting abnormal and pathologic findings 
from the hospital. 

SUMMARY 


A study of the blood cytology of 66 normal dogs of different ages, breeds, 
and sexes was undertaken to establish normal indices for dogs received and ex- 
amined under routine hospital conditions. The data obtained demonstrate that 
the red blood cells increase in number from less than 5 million per ¢. mm. of 
blood at 2 months of age to an average of 6.2 millions in the adult. The 
corpuscular hemoglobin is essentially constant for all ages and equal to approxi- 
mately 24 x 10°? gm. The hemoglobin concentration in the blood, therefore, also 
increases from 9 to 10 gm. per 100 ml. of blood at 2 months of age to an average 
of 15.1 gm. in the adult animals. There is no marked effect of age, breed, or sex 
upon the corpuseular hemoglobin in normal young or adult dogs nor on the con- 
centration of hemoglobin in the blood of the adult dog. 


The average white blood cell count in 35 dogs from 2 to 8 months of age, 
inclusive, is 12,165 per e. mm., which is slightly higher than the average count 
of 11,467 for 31 adult animals. The average differential count for the young 
dogs is 55.8 per cent segments, 33.3 per cent lymphocytes, 6.7 per cent stabs, 
3.97 per cent eosinophiles, and less than 1 per cent mononuclear cells. The dif- 
ferential count for adult dogs is 65.27 per cent segments, 21.7 per cent lympho- 
cytes, 6.56 per cent stabs, 5.43 per cent eosinophiles, and less than 1 per cent 
mononuclear cells. The lower percentage of polymorphonuelear neutrophiles in 
the young dogs is due to a smaller relative number of segments, the stabs remain- 
ing constant. 

These results will be used in the future as a reference for interpreting ab- 
normal and pathologie findings. 
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SPUTUM STUDIES IN PNEUMONIA: THE EFFECT OF 
SULFANILAMIDE* 


Artuur W. Friscu, M.D., Derrorr, Micn. 


ECENTLY Price and Myers! have attempted to evaluate sulfanilamide as a 

therapeutic agent in the treatment of pneumococcie pneumonia. In con- 
junction with the above investigation, 70 roentgenographically proved cases of 
pneumoniat were studied, and the effect of sulfanilamide therapy upon the 
pheumococei in the sputum was observed. The type distribution, the incidence 
of bacteriemia, and the outcome are listed in Table I. For details of dosage and 
the eclinieal analysis of results, the reader is referred to the paper by Price and 
Myers. 

TABLE I 


BA DEATHS 


10 


VII 
VIII 
Others 10 
Total per cent —-11—16 per cent 


Only those patients who produced either bloody or rusty sputum have been 
included in the above series. Thin smears were made directly from rusty por- 
tions of the sputum and treated with Wright’s blood stain. Specimens were 
obtained before therapy was instituted and, when possible, at twelve-hour inter- 
vals throughout the acute stages of the disease. The number of pneumococei per 
oil immersion field and the degree of phagocytosis were determined in the man- 
ner previously deseribed.* * 

RESULTS 


The effect of serum therapy upon the pneumocoeci in the sputum has al- 
realy been reported® * and in brief may be summarized as follows: In samples 
of sputum obtained before serum treatment was instituted, the organisms usually 
appeared as individual encapsulated diplocoeci which were evenly dispersed 
threughout the slide. Relatively few were being phagoeytized (Fig. 1). The 
intravenous injection of specific horse or rabbit antibody was followed by the 
app aranee of clumps of eneapsulated pneumococci in the sputum, and in some 
eases by a definite inerease in phagocytosis. The number of extracellular en- 


*From the Wayne University College of Medicine, Department of Bacteriology, Detroit. 

This study was partially aided by a grant from the Commonwealth Fund to the Michigan 
Depa’ tment of Health Laboratories. 

Received for publication, May 4, 1939. 

Nine patients received serum either before or coincidental with sulfanilamide therapy. 
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eapsulated pneumococci per oil immersion field gradually decreased so that by 


the time the sputum lost its rusty character, only a few were present. Ocea- 
sionally specimens of sputum from patients who had not yet received therapy 
contained eneapsulated pneumococci which were already clumped. In. these 
cases it was felt that the spontaneous clumping was indieative of a developing 
active immunity.* 

The major effect of sulfanilamide, as seen in the sputum, was entirely dif- 
ferent from that observed when serum was the therapeutic agent. Approximately 
twelve hours after the drug was administered, the number of extracellular 
encapsulated diplocoeci per oil immersion field began to decrease. Within 
twenty-four to thirty-six hours it was frequently difficult to find pneumococei in 
samples of rusty sputum even though the pretherapy specimen had contained 
many. The remaining organisms were evenly dispersed and showed no evidence 
of clumping. Some minor changes, however, were noted in the pneumococei 
themselves. They frequently varied in size and shape. Chaining was common, 
and often one pair of cocci in a chain stained deeply, while others were seareely 
visible. No distinct alteration in the size of the capsule and no inerease in 
phagocytosis attributable to sulfanilamide have as yet been detected. 

The effect of sulfanilamide in contrast to that of serum is presented in 
Table II. The eases cited have, for the most part, been selected because the 
sputa contained fairly large numbers of pneumococci before therapy was insti- 
tuted. The effect of the drug in these patients was more striking than in those 
with only a few organisms per field. However, similar results were obtained in 
practically all of the recovered cases. Since the data from those patients who 
died are too meager, as a whole, to warrant discussion at the present time, only 
one such case is presented. The remaining patients listed in Table I] recovered. 
The figures given represent the number of extracellular eneapsulated pneu- 
moecocei per oil immersion field before therapy was instituted, compared with the 
average count of specimens examined each day until the patients no longer 
produced rusty or bloody sputum, 

One may note from Table II that in the serum-treated cases the appearance 
of clumps of extracellular pneumococci was directly related to therapy. After 
clumping had oceurred, the number of pneumococci per field gradually de- 
ereased. Similar observations have been made in 65 additional patients treated 
with serum. In exceptional cases, a considerable increase in pneumococci was 
noted even in the presence of clumping. 

Most of the patients treated with sulfanilamide showed a prompt drop in 
number of free pneumococci per field within twenty-four to thirty-six howrs 
after therapy was instituted. This effect was maintained throughout the period 
during whieh rusty sputum was obtained and was not related to the presence of 
clumping (see Cases D.F., F.D.. E.E., and D.C. in Table If). In a few of the 
patients who showed the initial decrease, the effect was not maintained. Wit 
two to four days, in spite of the continuation of sulfanilamide therapy, inereas ig 
numbers of pneumococe reappeared in the sputum. This is exemplified by Ce 
C.C., W.L., CLP., and J.-A. in Table IL. The above findings would seen 
indicate that the pneumococci, once sensitive, had heeome refractory to the di iz. 
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Only 2 of the 59 recovered cases treated with sulfanilamide (M.W. and 
Co.P.) failed to show a bacteriostatic effect in the sputum within thirty-six 
hours. M.W. did not develop adequate blood sulfanilamide levels until the sixth 
hospital day, but in the case of Co.P., 12.8 mg. per cent were obtained on the 
second hospital day. Nevertheless, only a transitory sulfanilamide effeet was 


noted in the sputum. 


Fig. 1.—Sputum specimen before therapy. Note the number of pneumococci per field, 
absence of clumping, and phagocytosis. 

Fig. 2.—Specimen eight hours after sulfanilamide therapy was begun. Note that the 
pneumococci have not decreased but are chained, irregularly shaped, and some poorly stained. 


The possible role of the immunity mechanism in its relation to sulfanilamide 
therapy must also be considered. In all except one of the eases presented in 
Table II (D.C.), clumping of extracellular encapsulated pneumococei was ob- 
served at some time during the course of the disease, but this phenomenon had 
no relation to the dose or period of administration of sulfanilamide. It is inter- 


esting to note that those patients who developed clumping during the first four 


days of treatment (D.F., F.D., E.E.) were the ones who responded best to the 
drug. The remaining patients who failed to show clumping before the fifth te 
the seventh hospital day were also the ones in whom the pneumococci returned 
to the sputum following the good initial drug effect. Case J.A. became refrac 
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tory to sulfanilamide on the fourth hospital day. The pneumococei increased 
progressively thereafter, and, although he developed early clumping, the organ- 
isms multiplied so rapidly that he died on the evening of the seventh hospital 
day. Cases M.W. and Co.P. showed clumping in the sputum on the fourth and 
sixth hospital days. This was followed by a gradual decrease in number of free 
pheumococei, together with a marked increase in phagocytosis, similar to that 
seen in serum-treated patients. The correlation between the sputum findings and 
the clinical response of the patient will be reported in a separate communication 


when a larger series of cases has been studied. 


Fig. 3.—Specimen thirty-two hours after sulfanilamide therapy was begun. Note the 
marked reduction in pneumococci. The chaining and irregular staining character persist. The 
‘pparent decrease in capsule size is due to the thickness of the smear rather than to any actual 
reduction. 

; Fig. 4.—Specimen eighty hours after sulfanilamide therapy was begun. Note the return 
of pneumococci in large number, clumping of extracellular organisms, and associated increased 
phagocytosis. 

The relationship between the initial bacteriostatic effeet of sulfanilamide, 
ihe reappearance of pneumococci in the sputum, and the onset of elumping of 
extracellular organisms may best be illustrated by the patient C.P. (Table IL). 
lle was a colored male, aged 25, who was admitted to the hospital on the third 
tay of illness. The blood culture contained 6 type IL pneumococci per cubic 
‘entimeter, roentgen and clinical evidences of consolidation of the right ling 
ield were present, and his total leucocyte count was enly 7,300. Treatment 
vith sulfanilamide was begun fifty-five hours after the onset of symptoms. 
‘le received a total of 36 em. of sulfanilamide over a five-day period, with 
‘ood levels varying from 5.6 to 7.7 mg. per cent. The drug was discontinued 

n the fifth hospital day because the patient developed jaundice. 
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Sputum examination before therapy was instituted showed 53 pneumococe! 
per oil immersion field, 1 or 2 pneumococci per phagocyte, and no evidence of 
clumping of extracellular organisms (Fig. 1). Eight hours after the initiation 
of sulfanilamide therapy, the sputum contained over 50 pneumococei per field, 
but the organisms were chained and assumed bizarre shapes (Fig. 2). Twenty- 
four hours later the maximum drug effeet was noted, and the extracellular 
pneumocoeci dropped to 5 per field (Fig. 3). Baeteriostasis was maintained 
throughout the next day, but on the morning of the fifth hospital day the 
extracellular pneumococci began to return to the sputum, and the count rose to 
2? per field. By evening it had reached 33, and definite clumping was noted 
for the first time. On the morning of the sixth day clumping and phagocytosis 
had inereased (Fig. 4), and thereafter a progressive reduction in the number of 
free pneumococci took ploce (Table Il). The patient made a gradual but 
uneventful recovery. 

DISCUSSION 


If the sputum findings refleet the actual pneumonie process in the lung, 
then the results of this study lend strong support to the concept that sulfanila- 
mide is of value in the treatment of pneumococcie pneumonia.® The bacterio- 
static effeet, as indicated by the rapid fall in number of pneumococci per field in 
the sputum, is in harmony with what is known concerning the action of the drug 
in vitro and in vive.*'! The mode of aetion of sulfanilamide and related com- 
pounds, however, is still open to speculation. Changes in the capsule have been 
suggested by some,'’ '*'* but the claims have not been substantiated by 
 Inereased susceptibility to phagocytosis has been noted, partieu- 
larly for streptococci, by Long, Bliss, and others.* '* Recently Long, Bliss, and 
Feinstone'® were unable to show an increased phagoeytosis in sulfanilamide- 
treated mice infeeted with types I, If, and III pneumococci. Disintegrative and 
morphologic changes streptococci!’ and pneumocoeei'® have also been 
deseribed. As already mentioned, no evidence has as vet been obtained during 
this study to show that sulfanilamide induces changes in the capsule of the 
pneumococci or that it renders them more susceptible to phagocytosis. These 
findings, together with the minor changes in morphology and staining character 
of the pneumocoeei, are in accord with those of Long and others.'® '* 1° 

Reeently Lawrence,*! and Telling and Oliver’ deseribed a decrease in the 
number of organisms in the sputum during sulfapyridine therapy. They also 
noted that the Quellung reaction disappeared. However, Fleming,?? MeIntosh 
and Whitby,?* and Long** were unable to substantiate the loss «f type specificity 
in infected animals under treatment with the drug. We have also attempted to 
repeat the experiments of Lawrence, Telling, and Oliver in sulfanilamide-treated 
cases. At times during therapy a diligent search was necessary, but when en- 
capsulated pneumococei were found in the sputum, they gave the typical Neufeld 


reaction. 

The reappearance of the pneumococci in the sputum after three to five days 
suggested that the organisms, which were still typeable, had become refractory 
to the action of sulfanilamide. This fact must be considered in the evaluation 
of therapy because of its possible influence upon the clinieal course of the 
pneumonia. For example, one might expect that a patient whose sputum con- 
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tained clumps of encapsulated pneumococci would respond very differently from 
one who had become refractory to sulfanilamide and had developed clumping on 
the seventh hospital day. Boak and Carpenter? have recently shown that 
vonocoeei cultivated on media containing sublethal doses of sulfanilamide were 
then able to survive lethal concentrations of the drug. Lyons'* has reported a 
fatal ease of hemolytic streptococcus septicemia, treated with sulfanilamide, in 
whieh the organisms were found to be resistant to phagocytosis. Whitby?® has 
also suggested the possibility of the bacteria’s becoming refractory and advises 
that therapy be continued with another related drug. 

The clumping of encapsulated pneumococci in the sputum of sulfanilamide- 
treated eases at some time during the course of the disease, would seem to indi- 
cate that the development of active immunity also plays a role in the outcome of 
the pneumonia.” * MeIntosh and Whitby** have made some analogous observa- 
tions on mice who recovered from pneumococcal infection after treatment with 
sulfapyridine. They found that these animals were protected from reinfection 
in the same way as actively immunized mice and suggest that the immunity, and 
not the previous drug therapy, was responsible for the resistance. However, 
Long** was unable to substantiate the above results. According to the findings 
in the sputum, the value of sulfanilamide in the treatment of pneumonia seems 
to depend upon its limited ability to inhibit the growth of the pneumocoeei dur- 
ing that period of time necessary for the patient to develop his own immune 
response ; or to permit a partially immune but overwhelmed host to mobilize his 
defensive forces effectively. 

SUMMARY 


1. The administration of sulfanilamide to patients with pneumonia caused 
a decrease of eneapsulated pneumococei in the sputum within twenty-four to 
thirty-six hours. 

2. In some cases, the bacteriostatic effect was maintained for two to four 
days, at which time the pneumococci again returned to the sputum. 

3. The relationship between the effect of sulfanilamide and the appearance 
of clumps of extracellular pneumococci in the sputum is discussed. 


Addendum.—A bacteriostatic effect analogous to that produced by sulfanilamide has also 
been observed in the sputum of patients treated with sulfapyridine. Tlowever, resistance to the 
drug, as judged by the return of pneumococci to the sputum, has not as vet been noted. 


4 


Photographs by C. G. Eddy, Eloise Hospital, Eloise, Mich. (Magnification 1,800.) 
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THE DETERMINATION OF PH VALUES OF BIOLOGIC FLUIDS. 1* 


ALBERT GLAUBIGER AND K. GeorGE New Yorn, 


INTRODUCTION 


M*** laboratories using sera, media, infusions, ete., determine pH values of 
such materials as a routine procedure. Colorimetric methods are em- 
ployed, as a rule, probably because of the comparatively rapid and convenient 
techniques which have been developed. However, different laboratories have 
developed somewhat different procedures for the electrometric and colorimetric 
methods. In this paper we present a comparative experimental study of the pH 
values obtained for various buffer solutions and the biologie produets and 
hacteriologic media in this laboratory with the routine colorimetrie procedures 
in use here, and with the electrometric method using the glass electrode. Other 
laboratories may use still different methods or modifications of some given meth- 
ods. 

In the practical application of any method for pH determinations (whether 
electrometrice or colorimetrie) it is well to reeall that the successful application of 
a given procedure justifies its use. At the same time, the knowledge of the pH 
values of test materials based upon some standard reference electrode system is 
of interest and importance if only for comparison with the work of others. 


EXPERIMENTAL METHODS 


The colorimetric methods were as follows: 

I. Hellige color disk comparator method.t 

II. Dilution method based on Sérensen’s standard buffer mixtures and 
indicators." 
1. Sérensen phosphate buffer mixtures. 
2. Walpole acetate buffer mixtures. 
3. Clark and Lubs borate buffer mixtures. 

In method IT a standard Hellige hydrogen-ion comparatort was used. 

In method IL a wooden ‘block comparator’’ of the type deseribed by 

Hurwitz, Meyer, and Ostenberg? was used. 


*From the William Hallock Park Laboratory, Bureau of Laboratories, Department of 
Heilth, New York. 

tHellige hydrogen-ion comparator standard color disks and indicator solutions prepared 
by Hellige, Ine. 


Received for publication, May 3, 1939. 


} 
| 
q 
2 
¥ 


370 THE JOURNAL OF LABORATORY 


AND CLINICAL MEDICINE 


The following indicators were used in the colorimetric determinations : 


I. HELLIGE COLOR DISK COMPARATOR METHOD* Il. MODIFIED SORENSEN DILUTION METHOD 

H CONCENTRA- H CONCENTRA- 
INDICATO P ,DICATOR P 
RANGE TION % RANGE TION % 
a. Phenol red 6.8-8.4 |0.04 (W) a. Phenol red 6.8-8.4 | 0.02 (W) 
b. Bromthymol blue 6.0-7.6 |0.04 (W) b. Bromthymol blue 6.0-7.6 |0.04 (A) 
Meta-nitrophenol 6.8-8.4 |0.3 (W) d. Thymol blue 8.0-9.6 | 0.04 (A) 
j. Amino red 6.8-8.0 e. Bromcresol purple 5.2-6.8 | 0.04 (A) 
k. Gamma-dinitrophenol| 4.0-5.4 |0.025 (W) [/h. Methyl red 4.4-6.0 |0.02 (A) 
1. Para-nitrophenol 5.4-7.0 |0.1 (W) | 


W = distilled water. 
A = alcohol. 
**Concentration and solvent not given by Hellige, Inc. 


The electrometrie method included the MacInnes-Belcher glass elect rode- 
saturated calomel electrode in conjunction with the Young electron ray meter.* 
By keeping the glass electrode filled with distilled water when not in use, the 
residual potential within the glass membrane (asymmetrie potential) was main- 
tained at a constant value. The MaecInnes-Belcher glass electrode has been amply 
deseribed in the literature.*~* 

The Young electron ray meter is constructed to record directly the electromo- 
tive force or the pH values. This pH meter employs a eathode-ray tube in con- 
junction with a five-element vacuum tube as null-point indicator. 

MaeInnes and his co-workers have recently made accurate determinations of 
the pH values of a number of buffer solutions.” Employing a quadrant elee- 
trometer in conjunction with the hydrogen and glass electrodes, they found the 
following readings for 0.05 molar acid potassium phthalate (KHC.H,O,) : 

pH 4.000 + 0.005 at 12° C. 

pH 4.000 + 0.005 at 25° C. 

pH 4.015 + 0.005 at 38° C. 
The temperature coefficient of this solution is approximately zero between 12 
and 25° C., and about 0.001 pH per degree between 25° and 38° C. Since meas- 
urements with the MacInnes-Belcher glass electrode of a variety of buffer solu- 
tions have demonstrated a linear relationship between pH and _ electromotive 
foree’ from pH 1 to pH 9, 0.05 molar acid potassium phthalate is well suited as 
a calibrating and reference solution. The eleetrode was also regularly cheeked 
by means of a borate buffer solution of pH 8.00. 


EXPERIMENTAL RESULTS 


Data will be presented for (a) buffer solutions, (b) bacteriologie media, and 
biologie products. 

In using the glass electrode assembly, the pH value of the test solution may 
be obtained by direct observation on the electron ray meter. It may also be 
calculated from the electromotive force observed by means of the usual equation, 
using 0.05 M acid potassium phthalate as reference solution.’ Sinee the two sets 
of values so obtained differed by less than 0.02 pH except for 2 eases in whieh 
the difference was 0.03, only the former readings will be presented in the tables. 


*Built by S. B. Young, now with the American Instrument Co. 
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Whenever the solutions for either colorimetric or eleetrometric study were 
diluted, it is so stated in the tables. In all other cases the solutions and mixtures 
were used direetly as prepared and deseribed. 

The pH of the water used for dilution was found by the glass electrode, after 
standing for several hours at room temperature and exposed to the air, to range 
from 6.28 to 6.32 for different samples. The saline varied from pH 6.27 to 6.55. 

A number of results obtained with buffer solutions are presented in Table I. 
These solutions were prepared as deseribed by Clark. In the first part of the 
table the cffeets on the glass eleetrode measurements of dilution with water and 
with saline (0.85 per cent sodium chloride solution) are shown in columns 2 and 
3. In the colorimetric estimations an indicator is naturally added. The changes 
in pH due to the presence of indicator substances were measured, and the pH 
values are shown in columns 1, 2, and 3. The indicators used are given in the 
last column of the table. The colorimetrie results obtained with the Hellige color 
disk comparator for the three sets of solutions, undiluted, diluted with water, 
and diluted with saline, are presented in columns 7, 8, and 9. The volume for 
each measurement was 3.5 ¢.c. made for the dilutions as follows : 

Column 1—Undiluted solution. 

Columns 4 and 7—3 solution and 0.5 indicator solution. 

Column 2—1 solution and 2.5 ¢.¢. water. 

Column 3—1 solution and 2.5 ¢.c. saline. 

Columns 5 and 8—1 solution, 2 water, and 0.5 ¢.c. indicator solu- 

tion. 

Columns 6 and 9—1 solution, 2 ¢.¢. saline, and 0.5 ¢.c¢. indicator solu- 

tion. 
In the seeond part of the table the glass electrode method and the modified 
Sorensen dilution colorimetrie method, using the comparator block of Hurwitz, 
Meyer, and Ostenberg,? were compared for a number of the buffer solutions un- 
diluted and diluted with four volumes of distilled water. For the colorimetric 
readings with these solutions, 0.25 ¢.c. indicator was added to 2 ¢.e. of undiluted 
test fluid and diluted to 10 ¢.¢. with distilled water. 

The results shown in Table I may be summarized as follows: 

In the glass electrode measurements, both in the absence and in the presence 
of indieator substances, dilution with water increased, and dilution with saline 
decreased the pH. The most alkaline phosphate mixture tested was the only 
exception. Most of the differences between the original and diluted solutions 
were less than 0.2 pH. The presence of the indicator made very little difference 
in the readings; only in a few cases was this difference greater than 0.05 pH. In 
the readings with the Hellige comparator and disks, possibly 0.05 pH would 
represent the reliability of the color comparisons by an experienced worker. The 
readings of the water-diluted and saline-diluted solutions agreed and disagreed 
with each other with no apparent regularity. The largest difference was 0.3 pH; 
a number were 0.2 pH. Similar differences existed with the undiluted colori- 
metrie solutions. In a comparison with the glass electrode measurements, the 
va‘iations in the colorimetric readings, as a rule, lie within 0.2 pH or less. 
W ether this is to be considered large depends on the solution in question. For 
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PH VALUES OF BUFFER SOLUTIONS BY THE GLASS ELECTRODE AND COLORIMETRIC METHODS 
art 1. t. — 25° C. 
GLASS ELECTRODE ASS ELECTR ODE HELL IGE COL ORIMETRIC 
| 1 VOL. + | 1 VoL. | VoL. VOL. 
ly 3VOL.+ | 2 VOL. | 2 3 VOL. + 2 VOL. 2 VOL. 
UNDI- 0.5 VOL. | WATER SALINE+ | 0.5 VOL. | WATER + | SALINE + 
LUTED | => VOL-| 2.9 VOL. INDI- | 0.5 vor. | 0.5 von. inpi- | 0.5 von. | 0.5 von. | CATOR 
cator | | INDI cator | | | | 
| is) | & (4) | CATOR CATOR (7) CATOR | CATOR | aaa 
| | (5) | (6) 
“Phthalate Buffer Solutions 
4.07 | 4.19 4.00 4.09 | 4.22 4.02 3.95 4.05) 4.05 (k) 
4.25 433 | 410 4.26 4.36 4.15 4.10 4.20 } 4.25 (k) 
4.43 | 455 | 4.29 4.46 4.57 4.35 4.55 4.45 | 4.25 | (k) 
4.65 | 4.78 | 4.49 4.669 4.80 4.55 4.665 4.85 (k) 
4.84 | 4.97 | 4.67 4.87 4.97 4.72 4.85 4.83 4.85 (k) 
5.07 5.19 | 4.90 §.13 §.21 $.95 5.05 5.05 5.05 (k) 
5.27 5.38 | 5.14 5.30 5.40 5.17 5.25 | (k ) 
5.47 | 5.60 | 5.33 5.50 5.60 | 5.38 545 | 545 (k) 
5.69 | 5.82 | 5.55 5.73 5.84 5.60 5.75 58s | 5.65 | (1) 
5.90 | 6.03 | 5.75 5.95 6.05 5.81 6.05 6.05 | 
6.08 | 621 | 5.91 6.08 6.21 | 5.95 6.05 6.25 | 6.05 | (1) 
6.39 | 649 6.15 6.39 646 6.20 GAs 65s bids (1) 
Phosphate Buffer” ‘Solutions = 
5.83 | 6.00 5.65 5.84 | 5.96 | 5.64 5.85 59 | 5.85 | (1) 
6.00 | 6.14 | 5.80 6.03 | 615 | 5.85 6.05 6.0 6.05 | (1) 
6.19 6.3 6.02 6.22 6.5 6.06 6.25 6.25 6.25 (1) 
6.40 > 654 | 6.25 6.42 6.54 6.28 6.45 6.55 6.45 (1) 
6.59 | 6.74 | 646 6.61 6.72 | 649 6.7 68s 6.665 (1) 
6.81 | 6.95 | 6.68 G83 6.92 6.69 6.95 7.05 (1) 
6.98 7.12 | 6865 7.02 7.15 6.950) 6.90 (c) 
7.20 7.52 | 7.07 724 | 7.82 7.14 7.20 7.45 7.1s (¢) 
7.41 | wae 7.44 | 767 | 7.31 7.45 7.50 7.35 (c) 
7.59 7.85 | 7.45 7.62 7.74 | TAT 7.55 7.65 | 7.4 (¢) 
7.73 7.84 | 7.56 7.72 | 7.74 | 7.53 7.75 7.63 | (ce) 
7.94 8.09 | 7.76 7.93 | 789 | 7.69 7.85 7.85 7.65 (c) 
Part 2. t. — 25° C. 
GLASS COLORIMETRIC- MODIFIED GLASS COLORIMETRIC- MODIFIED 
ELECTRODE SORENSEN DILUTION METIIOI ELECTRODE SORENSEN DILUTION METIHIOI 
vo. + | 1 VoL. + 
1 VOL. + 4 VOL. 1 VOL. + 4 VOL. | 
UNDI 0.25 VOL, WATER + | UNDI- 0.25 VOL. | WATER + 
LUTED INDI- 0.25 VOL. LUTED INDI- 6.35 
WATER USED WATER USED 
(1) (2) CATOR INDI- (5) (1) CATOR INDI- 
i (3) CATOR | ‘ (=) | (3) CATOR | (9) 
(4) (4) | 
Phthalate Buffer Solutions Phosphate Buffer S Solutions” ae 
4.24 4.39 4.05 4.23 (h) | 5.84 | 6.02 | 2 58s 5.85 | (e) 
4.23 4.59 4.20 4.45 (e) 5.98 6.15 5.97 6.02 | (e 
4.65 4.81 4.45 4.80 (h) 6.40 6.56 6.30 6.57 | (e 
4.83 5.02 4.7: 4.9; (h) 6.78 6.95 6.77 6.80 | (b) 
5.88 6.08 5.9 5.9 (e) 7.63 7.78 8.00 8.03 | (a) 
sas | 637 | | oh | Borate Buffer Solutions 
7.69 7.80 7.67 7.67 (a 
8.14 8.21 SS: | 8.30 | (d 
8.51 8.62 8.60 8.5: | (d 
8.71 8.73 | 8.8 8.80 | 
| | 8.93 | 9.00 9.0. | (a 
8.98 9.04 9.15 9.00 | (d 
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PH VALUES OF BACTERIOLOGIC MipIA BY THE GLASS ELECTRODE AND COLORIMETRIC METHODS 


GLASS HELLIGE COLORIMETRIC- MODIFIED 
ELECTRODE COLORIMETRIC |SORENSEN DILUTION METHOD 
2 VOL. + 
Q) (3) LUTED | 4 VOL. INDI- — INDI- 0.25 VOL. — 
(3) WATER CATOR — CATOR INDI- = 
(4) (5) () (7) CATOR (9) 
(8) 
Beef heart infusion | 25° 5.87 6.03 5.77 (e) 
6.10 6.26 (e) 
6.32 6.43 6.01 (e) 
30° | 5.98 6.13 6.00 (e) 
6.04 | 6.22. 6.03 (e) 
6.28 6.03 (e) 
Pneumocoecus broth | 25° 7.760) 7.81 7.6: (a) 
“7.85 | 7.92 7.83 (a) 
7.68 | 7.76 7.63 (a) 
7.91 7.83 (a) 
| 
7.89 | 7.95 7.9 (a) 
30° 7.78 5 | (a) 
| 7.55 | 7.63 7.45 (a) 
| 7.76 | 7.8 | (a) 
Beef infusion 25° | 6.11 | 6.07 (e) 
| 
| 6.24 | 6.07 (e) 
Veal infusion 95° 6.51. 6.62 6.37 (e) 
| 6.97 7.09 6.83 | (b)_ 
iS 
| | 
Beef heart broth 0° 7.04 | 7.16 7.28 oy. |. - 7.23 (a) 
Diphtheria broth 25° 7.60 (a) 7.23 | 7.2 (a) 
_ 7.02 7.08 6.8 6.80 | 6.83 (b) 
; Phosphate broth 25° 7.81 7.85 7.93 (a) 7.73 7.70 (a) 
| 7.99 | 7.8 | (a) | 7.9 | 7.90 (a) 
many biologie fluids such differences might not be considered serious. At the 


saine time the possibility of such divergence must be kept in mind. 

Similar conclusions hold for the results in the second part of the table. Dilu- 
tion with water caused similar changes in the measurements. The colorimetric¢ 
readings for the phthalate and phosphate buffer solutions, as a rule, were less 
than the eleetrometric, and for the borate buffer solutions were greater than the 


ele-trometrie. The differences between the colorimetric and electrometric¢ results 


were less than 0.3 pH except for a few solutions. 
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A number of results obtained by methods in use at the William Hallock 
Park Laboratory with bacteriologic media are presented in Table Il. Here, 
also, diluting the media with water gave increased pH values with the glass 
electrode measurements. The colorimetric method, on the other hand, showed 
little differences between the diluted and undiluted solutions. .A comparison 
of the two colorimetric methods with the glass electrode method did not show 
regular differences. In many cases the results agreed closely; in a number 
there were divergences. The differences were not greater than 0.3 pH. While 
this may seem large, it occurred only occasionally, so that, while the possi- 
bility of a difference as large as this must be kept in mind, in many measure- 
ments the colorimetric results obtained as described in this table agree satis- 
factorily with the glass electrode results. 


TABLE IIT 


PH VALUES OF BIOLOGIC PRopDUCTS BY THE GLASS ELECTRODE AND COLORIMETRIC METHODS 


t. = 25° C. 
| COLORIMETRIC | | COLORIMETRIC 
| LUTED | Vor 
PRODUCT GLASS | INDI- PRODUCT GLASS 
| SALINE + SALINE +] 
ELEC- | 9 CATOR ELEC- rast CATOR 
0.5 VOL. 0.5 VOL. 
TRODE | USED TRODE | USED 
_INDI- INDI- | 
| CATOR CATOR 
Pneumococeus Antibacterial Preparations Pneumococeus Antibacterial Serum at Various 
Type I 6.95 | 6.95 (ly Stages of the Refining Process 
7.00 |__ 6.9 Type I 7.48 7.88 (¢) 
6.98 7.00 (1) | Type I 5.07 5.10 (k) 
Type V 6.94 6.95 (1) 5.03 5.05 (k) 
6.50 | 6.45 (1) 4.96 5.10 (k) 
Type VI A and B 6.81 6.90 a : a 5.85 5.90 (k) 
6.90 | (e) 5.038 5.2) (k ) 
Type XVIII 6.81 | 685 | (1) 5.93 5.95 (1) 
| 68 | (e) IV IV 5.53 (1) 
Pneumococcus Antibacterial Sera Type VIL 5.12 dle | (k) 
Before Dialysis Type VIII 5.62 5.S8s (1) 
Type IV 787 74s (e) |Type XIV 4.97 (k) 
Type V 7.30 | 7.25 | (e) |Type XVIII 5.09 5.lo =| (k) 
Type VII 7.40 7.45 (c) 5.68 5.75 | (1) 
After Dialysis Normal horse 7.26 7.30 ~ (e@) 
Type I 7.48 7.35 (e) serum 7.34 | 7.lo | (e) 
Type IV 7.59 7.40 | (ec) |Antisearlatinal | 5.76 | 5.9% | (1) 
Type V 730 fe) | Serum after 
Type XIV 7.25. | 7.00 (1) _dialysis 
Type XVIII 750 | | (ey | Antiseariatinal 6.70 6.76 (I) 
: —_________| serum during re-/""5.65 | 5.9 | 
fining process | 


The results obtained with 35 samples of biologic products are presented in 
Table III. Comparisons of the glass electrode (undiluted solutions) and Hellive 
colorimetric (with saline dilution only) were made. The agreements of the pl 
values were remarkably close in most cases. The striking exceptions were wit!) 
type IV pneumococcus antibacterial preparations, where three measurements of 
one serum material at different stages of the refining process gave differences in 
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pH values of 0.42, 0.19, and 0.37. Two other preparations of different pneumonia 
type antibodies gave differences of 0.25 and 0.23 pH unit, one normal horse 
serum difference was 0.24 pIl and one antiscarlatinal serum difference was 
0.30 pil. 

DISCUSSION 


The pH of a solution is a function of its hydrogen-ion activity. The activity 
of an individual ion species cannot, however, be obtained in any simple un- 
equivoeal way. Tf measured by electrometrie methods, certain assumptions are 
introduced in ealeulating the pH values from the electromotive forces which are 
measured. If colorimetric methods are used, color changes involving tautomeric 
forms of organie substances are involved. Electromotive force measurements and 
tautomerie changes may be considerably influenced by other substances present 
in solutions. These problems have been frequently discussed and studied. It 
will suffice to mention these facets without entering into the details. 

In view of these relations, the question of what would be the most probable 
pH value of a solution must be considered. At the present time, the values ob- 
tained from the eleetromotive forces by means of the glass electrode are readily 
reproducible. They are based, in the customary way, upon the normal hydrogen 
electrode as the standard reference electrode. For most of the test solutions for 
which results are presented in this paper, the agreement between the electro- 
metric and colorimetrie methods was well within +0.3 pH unit. Within these 
limits any one of the colorimetric methods outlined above is satisfactory, pro- 
vided color standards are checked periodically by means of some standard 
electrode system. A factor to be considered seriously is the effeet of dilution. 
Practically all the colorimetric methods for determining the pH values of 
biologicals involve dilution with water or saline. These dilutions change the pH, 
as shown in the experimental results. In our solutions dilution with water 
increased the pH and dilution with saline decreased the pH. The diluted solu- 
tions gave similar results by the electrometrie and colorimetrie methods. It is 
evident that the pH values of these diluted solutions were different from the pH 
values of the undiluted solution, the differences with some of these solutions 
amounting to 0.2 pH. This fact must be taken into account in considering that 
the biologicals as actually used differ somewhat from the values given. Further- 
more, the colorimetric measurements should always be made under identical 
conditions with respect to volume of test solution, volume, and character of 
diluent, temperature, ete. Even when these factors are kept constant, there may 
he marked differences between the electrometrie and colorimetric methods due to 
specifie effeets of the test fluid. 

SUMMARY 


An experimental study of the pH values of buffer solutions, bacteriologic 
inedia, and biologicals is presented, using the glass electrode and some of the 
colorimetrie procedures which have been developed. The differences in the pH 
values obtained under the different conditions of testing and the possible influ- 
ence of these differences in routine work are indicated. 


; Thanks are due Dr. Jacob Weinberg and Mr. Eugene Cardone for their colorimetric 
d-terminations of the test fluids. 
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A FURTHER NOTE ON THE STABILITY OF GLYCERINATED 
ANTISHEEP HEMOLYSIN* 


Roserr A. Kitpurre, A.M., M.D... Ar Lantrie Crry, N. J. 


N 1924 | reported the satisfactory preservation of glycerinated antisheep 

hemolysin for a period of seven years.’ It was then shown that by the addi- 
tion of an equal volume of glycerin, as advocated by Kolmer? and Clock and 
Beard,’ this hemolysin, though subjected to varving and even marked changes 
of temperature over varying periods of time, having had an original titer of 
1 :20,000, after seven years still had a titer of 1:16,000 with 0.5 ¢.c. of 1:30 com- 
plement and 0.5 ¢.c. of 2 per cent sheep cell suspension. 

An ampoule of this same lot of hemolysin made in 1917 was recently un- 
earthed and again titered twenty-two vears after its preparation. With a dose 
of 0.5 ¢.¢. of 2 per cent sheep cell suspension and 0.5 ¢.e. of 1:30 lyophile com- 
plement prepared after the method of Flosdorf and Mudd, a titer of 1:3,000 


was obtained. 

While this evidences a marked decrease from the original titer of 1:20,000, 
it suffices to demonstrate that glycerinated antisheep amboceptor for use in 
complement fixation tests is remarkably stable and can be preserved satisfac- 
torily for extended periods. It also emphasizes, incidentally, that anomalous 
results in complement fixation tests are never due to failure or depreciation of 
antisheep hemolysin. 
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THE TREATMENT OF BENIGN PROSTATIC TLYPERTROPITY WITH 
TESTOSTERONE PROPIONATE* 


ApRAHAM Trasorr, M.D... Pa. 


NDOCRINOLOGY has made rapid strides within the past decade. Its bene- 

fits have been well utilized by the evnecologists in the treatment of innu- 
merable disorders of the female. Practical endocrinology in the male has been 
neglected, aside from the early attempts to treat impotence and senescence. 

Brown-Séquard, administering testicular extract to himself, alleged that his 
vigor and capacity for work were increased. Voronoff and Steinach applied this 
principle of rejuvenation by transplanting testes of apes into human beings. 
These theories were discredited when it became evident that testicular atrophy 
had no causal relationship to senescence. More recently, endocrinologists,'» 2 im- 
pressed with the fact that the normal condition of the prostate is dependent 
upon an intact pituitary-testes relationship, have initiated researches and elini- 
eal experiments designed to illuminate the baffling problem of the etiology and 
treatment of benign prostatie hypertrophy. 

The following two theories, both depending upon a disproportionate rela- 
tionship between the sex hormones, are currently expounded in explanation of 
the etiology of benign prostatic hypertrophy : 


1. The testes produce two hormones: one by the germinal epithelium of the 
seminiferous tubules, and the other by the interstitial cells (cells of Leydig). 
From puberty to the age of 50 the first hormone has an inhibitory effeet on the 
production of gonadotropie hormone by the anterior pituitary, which in turn 
prevents the production of the second hormone, the male sex hormone, which is 
responsible for prostatic hypertrophy. At about 50 there is a lessened secretion 
of the germinal epithelium, removing the pituitary inhibition and permitting 
overactivity of the cells of Leydig with overproduction of testosterone and con- 
sequent prostatic hypertrophy. This theory is held by Martins and Roecha® and 
by MeCullagh and Walsh.‘ 

2. Male and female sex hormones are present in both sexes in certain pro- 
portions throughout life. In males, as age progressps there is a eradual diminu- 
s the amount of cireulating 
female sex hormone remains relatively constant. Hence, the diminution of the 
male sex hormone permits a predominant activity of the female sex hormone 
which results in hypertrophy of the prostate. This theory is held by de Jongh® 
and Laqueur.® 


tion in the production of male sex hormone, 


Biologic methods of experimentation, presently at our disposal, seem to 
‘favor the second theory which ascribes the prostatic hypertrophy to the unan- 


*From the Department of Medicine, Mount Sinai Hospital, Philadelphia. 
Read before the Section of Urology, College of Physicians, Philadelphia, Dec. 20, 1937. 
Received for publication, May 9, 1939. 
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tagonized action of the female sex hormone, estrogen. The following data may be 
marshaled in support of this theory : 

1. Animal Experimentation.—Laeassagne’ in 1933 deseribed prostatic meta- 
plasia and stratification of the urethral epithelium, with subsequent narrowing 
of the urethra and dilatation of the bladder of mice that had received injections 
of crystalline estrogen. Burrows and Kennaway,* after applying estrogen to the 
skin of mice, obtained a distention of the prostatic alveoli which became lined by 
keratinized squamous epithelium. They called attention to the similarity of the 
histologic pieture, the accompanying urinary dribbling, hydroureter, and hydro- 
nephrosis seen in this experimentally produced condition, to the syndrome of 
benign enlargement of the prostate in man. Zuckerman’ produced prostatie hy- 
pertrophy in the immature rhesus monkey within fourteen days by daily injec- 
tions of 100 gamma. Zuckerman observed enlargement of the prostate, relative 
diminution of the prostatie glands, and stratification of the columnar epithelium. 
These alterations could be inhibited by the simultaneous administration of a 
pure preparation of male sex hormone or, when developed, could be eradicated 
by its administration. 

Similar experiments in mice by numerous investigators yielded results com- 
parable to those of Zuckerman. Ruseh,'® employing male mice, administered 
subcutaneously injections of estrogen (progynon B) twice weekly for a period 
of from 122 to 137 days. Pathologie changes of the prostate were noted within 
thirty to seventy days. They ineluded a change from columnar to stratified 
squamous epithelium and an inerease in the fibromuseular stroma. Shortly 
afterward, dilatation of the urinary bladder and development of scrotal hernias 
uniformly appeared. With the establishment of these alterations there was an 
actual, though slight, decrease in the size and weight of the prostate. Adminis- 
tration of the male sex hormone, testosterone, induced a reversal of the stratified 
squamous epithelium to the columnar epithelium, greater secretion of the mucous 
glands, and inerease in the weight of the prostate. The testosterone did not 
reduce the augmented fibromuscular stroma nor the size of the dilated bladder. 
When testosterone was employed early in the experiment, it delayed the appear- 
anee of the dilated bladder from forty to fifty days. As control substances 
Rusch employed progesterone and dehydroandrosterone, but neither of these 
produced reversal of the epithelial metaplasia. 

While it appears from these experiments that testosterone causes enlarge- 
ment of the prostate, Rusch cautions that one must distinguish between an in- 
creased size and weight of the whole gland, and the hypertrophy of only certain 
tissues. He claims that a disproportion exists in various species between the 
fibromuscular stroma and glandular epithelium. Henee, if the glandular por- 
tion predominates, as in mice, the administration of a substance which arrests 
secretion will result in diminution in the size of the gland despite an increase 
in the fibromuseular stroma. On the other hand, the administration of a sub- 
stance, such as testosterone, which stimulates glandular secretion, evokes an 
inerease in the size of the gland in mice. 


2. Human Bio-Assay.—Gallagher™ and his associates have demonstrated 
marked fluctuations in the daily urinary excretion of the male and female sex 


i 
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hormones in men and women. Dingemanse'? and his collaborators found the 
hormones in the urine of both sexes in equal proportions, but noted a decrease 
of the male sex hormone before puberty and with advanced age, implying that 
less is secreted. Ruseh and Kundest'® have shown that the excretion of male 
sex hormone is decreased in proportion to that of estrogenie hormone in men with 
enlargement of the prostate. The observations of Owen and Cutler'* are inter- 
esting, but they neither add nor detract from the above conclusions. While they 
found no inerease in the urinary prolans nor in the other substances acting like 
the female sex hormones in the urine of patients suffering from prostatic hy per- 
trophy, as compared to the normal, they failed to report on the quantities of the 
male sex hormone. 

3. Clinical Observations —Von Coppelen'’® treated 50 men with benign 
hypertrophy of the prostate by intramuscular administration of a crude tes- 
ticular extract (Homberal) and reported cures in 25 (50 per cent) without 
diminution in prostatie size. Similar results were observed with pure crystalline 
male sex hormone by Zuckerman.” Lower and MeCullagh'® reported encourag- 
ing results in patients with prostatism by oral administration of a erude desic- 
eated extract of beef restes named ‘‘inhibin’’ by them, and alleged to be a defi- 
nite hormone whieh inhibited the pituitary gonadotropin. Since their extract 
included the entire testicular substance, it is difficult to understand how the 
testosterone fraction was eliminated. Moreover, the observations of Hamilton, 
Heslin, and Gilbert'’ do not support the theory that improvement of benign 
prostatic hypertrophy may be obtained by inhibition of the pituitary gland. 
They treated 9 prostatic males, over a period of twenty-six days, with daily 
doses of from 500 to 1,500 international units of estrogen (theelin) whieh has 
marked inhibitory effects on the pituitary without obtaining any improvement 
in the urinary disturbance. Walther and Willoughby'* treated 15 patients with 
prostatie hypertrophy with intramuscular and oral administration of androstine 
with excellent results. They, however, also employed prostatic massage. 

The Present Study.—I was attracted to the problem of prostatie hyper- 
trophy by the aeute retention of a man of 60, with jaundice, hepatomegaly, and 
auricular fibrillation incident to arteriosclerosis, in whom surgery was not ad- 
visable. An indwelling catheter was introduced into the bladder for seventy- 
two hours. Testosterone propionate (Oreton) in doses of 5 meg., three times 
weekly, was administered intramuscularly. Within three weeks the patient’s 
nyeturia was reduced from five or six times to two or three times. Treatment 
was continued for an additional three weeks with excellent results, nyeturia 
oceurring only once or twice. For two weeks following withdrawal of treatment 
he felt perfectly well and then developed sudden recurrent acute retention, 
necessitating catheterization. Believing that perhaps larger doses of testosterone 
propionate would be of more value in prostatism, the present study was under- 
‘taken among the inmates of two Jewish Sheltering Homes for the Aged. 


This study was purely clinical, the following data being recorded for each 


patient : 

(1) A definite history of prostatism with urinary frequeney ; diffieulty in 
starting the stream; dribbling; necessity of catheterization or of any surgical 
‘reatment of the prostate, and the duration of symptoms. 
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(2) A general physical examination determining chiefly the state of the 
cardiovascular system; the presence or absence of hypertension, and the size of 
the prostate, as determined by digital reetal examination. No laboratory exam- 
inations were made. 

(3) Results of administration of testosterone propionate. 

Twenty-seven patients were observed; 19 in the two above-mentioned institu- 
tions; 4 in the wards and elinies at the Mount Sinai Hospital, and 4 in private 
practice. The youngest was 60 and the oldest was 86. Most of them were hyper- 
tensive and arterioselerotie; a few had residual evidence of a cerebrovascular 
episode. All were ambulatory and none were decompensated. The duration of 
the prostatic symptoms varied from 3 to 18 years. The degree of prostatic 
enlargement, varying clinically from plus 1 to plus 4, had no relation to the 
¢linieal manifestations. Some patients with plus 4 enlargement had nocturia 
four or five times, whereas others with plus 1 enlargement had a nocturnal fre- 
quency of from ten to twelve times. Three had undergone prostatectomies 
twenty, eight, and two years previously, respectively. In only 2 of these was a 
hard prostate palpable, vet all of them had distressing urinary symptoms. Treat- 
ment was limited to testosterone propionate. No patient was ecatheterized nor 
were any medications preseribed. Their manner of living was not changed dur- 
ing the course of treatment. The diet and water intake remained the same. 

The material employed in this study is ‘‘testosterone propionate,’’ a pro- 
pionie acid ester of testosterone in a solution of oil. Its contents of active hor- 
mone are in accordance with the standards of the League of Nations.’” 

Amount of Testosterone Propionate Administercd.—Testosterone propionate 
was administered intramuscularly twice weekly. The dose employed was either 
5 mg. (15 patients) or 10 mg. (12 patients). Improvement was noted after the 
administration of from 40 to 50 mg. in 18, and after 60 to 70 mg. in 5 patients. 
The remaining 4 patients who subsequently received larger doses which totaled 
from 100 to 110 mg., failed to improve. Once improvement was noted, the dos- 
age was reduced to 10 mg. onee weekly. Treatment was continued for three 


months. Among 8 patients whose treatment was discontinued for 6 weeks, 2 
had recurrence of symptoms which were controlled by 3 weekly doses of 10 me. 
each. 
RESULTS 

Twenty-three patients (85.2 per cent) showed definite clinical improvement 
and 4 (14.8 per cent) patients failed to respond. The nature of the improve- 
ment ineluded the following: 

1. A general stimulation which may be attributed either to the inereased 
rest because of the diminished nocturia or to a specific hormone factor. 

2. Increase in the force of the urinary flow and greater ease in starting the 
stream. In 4 patients severe colicky pains, radiating to the urinary meatus 
during micturition, appeared when the stream became stronger, suggesting the 


presence of vesical caleuli. 


3. Dramatie diminution of urinary frequeney. The nocturia in 20 of the 
23 improved patients was decreased to not more than twice. Three anxiously 
complained that they had ceased to void even though their daily water intake 
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amounted to 2 or 3 liters. However, no edema was demonstrable in any of the 
3 patients nor did they have excessive perspiration or vomiting, implying that 
they had unconsciously exaggerated the diminution which, nevertheless, was 
marked. 

4. Dribbling and clothes-wetting completely disappeared in 3 patients, and 
enuresis was cured in 1. 

5. There was no diminution in the size of the prostate in any patient, not 
even in those patients with marked improvement. 

Of the 4 patients who failed to respond to treatment, one probably received 
insufficient dosage, 2 others had a long history suggestive of ealeuli with urinary 
infeetion, and the remaining one was a markedly neurotie business man. The 
latter had frequent urination but no residual urine, and his urinalysis was nor- 
mal. In this instance the frequeney was probably psychogenie in origin, despite 
the presence of prostatic hypertrophy. 

Mechanism of the Response to Testosterone —The mechanism by which im- 
provement of prostatism occurs following testosterone treatment may be simply 
explained on the basis of physiologic alterations rather than on gross structural 
changes. This opinion is based on the following evidence : 

1. There is general agreement that an alteration of either the glandular 
tissue around the prostatic urethra or the subcervieal glands of Motz and 
Albarran seattered over the trigone of the bladder is the origin of the so-called 
adenomatous enlargement of the prostate which actually causes the urinary 
symptoms. 

2. Animal experimentation revealing the metaplasia from the normal colum- 
nar epithelium of the prostate gland to squamous epithelium under stimula- 
tion of estrogen and the reversal to columnar epithelium upon the introduction 
of androgen is very suggestive that the changes are physiologie in nature. More- 
over, the secretion of the epithelial glands is arrested by estrogen and stimu- 
lated by androgen. Reealling that androgen is diminished with age, and that 
according to Champy?" and his associates, a mucoid edema around the vessels of 
the verumontanum is normally present in the healthy adult animal but not in 
aged animals, indicates that histologic changes are the result of physiologic 
alterations. 

3. There is no relationship between the size of the prostate and the clinical 
symptoms. Conversely, as the clinical symptoms subside the prostatie hyper- 
trophy remains stationary. 

4. When recurrence of urinary frequency after cessation of testosterone 
propionate treatment takes place, symptoms will quickly disappear following 
the administration of about 30 mg. of the substance, suggesting a rapid physio- 
lovie change. 

COMMENT 


Current evidence from animal experimentation probably justifies the con- 
clision that the unantagonized action of the female sex hormone, estrogen, in 
a:ng males is responsible for the prostatic hypertrophy and its subsequent 
¢l nical manifestations. The beneficial results obtained by the administration 
0! the male sex hormone, testosterone propionate, are probably caused by loeal 
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effects on the glandular portion of the prostate resulting in a reversal of the 
morbid physiology. 

Although the present group of patients is comparatively small, the nearly 
uniformly favorable results are impressive, especially since no other form of 
treatment besides testosterone propionate was instituted. While this limited 
study does not justify definite opinions on proper dosages of testosterone pro- 
pionate, I am of the opinion that the initial dose should be at least 10 mg. every 
third day until improvement results, after which time 10 mg. should be given 
weekly for three to four months. In some instances larger doses may be re- 
quired. In order to determine the optimal dosages, accurate bio-assay of the 
urinary excretion levels of the hormone, as applied by Mazer and Israel*! in the 
management of estrogen administration, will be necessary. 

Urologists frequently consult internists for an opinion concerning the 
feasibility of surgery in many patients with broken-down cardiovascular sys- 
tems or with other degenerative changes of old age on whom an operation may 
mean death. If organotherapy can help these miserable patients before they 
reach the stage of retention and infection, how much morbidity and mortality 
could be prevented? Such an accomplishment would not mean the end of sur- 
gical treatment, for many cases would still require surgery. 

An additional problem of interest is the possibility of overlooking an asso- 
ciated malignancy of the prostate should testosterone prove a real boon. How- 
ever, not all malignancies of the prostate are diagnosed at present preopera- 
tively, since from 10 per cent to 16 per cent are recognized postoperatively. 


SUMMARY 


1. A review of the current hypothesis concerning the endocrinopathic 
etiology of benign prostatic hypertrophy is presented. 

2. Twenty-seven ambulatory patients with severe prostatism as a result of 
prostatic hypertrophy were treated intramuscularly with administered testo- 
sterone propionate in doses of from 5 to 10 mg. twice weekly for periods of from 
two to three months. 

3. Of the 27 patients 23 (85.2 per cent) were markedly improved, and 4 
(14.8 per cent) failed to respond. 


I wish to express my appreciation to Doctors Gershon Ginsburg and Harold Nichols, med- 
ical directors of the two Jewish Homes for the Aged, for the privilege of studying these patients, 
and to Dr. Max Gilbert, of the Schering Corporation, for his generosity in supplying the tes- 
tosterone propionate employed in this study. 
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THE COMPARATIVE LODINE CONTENT OF BLOOD AND 
CEREBROSPINAL FLUID* 


Kari P. M.D., Ruru L. Brerpaum, 8.B.. AND GrorGe M. Curtis, M.D. 
CoLUMBUS, OHIO 


HE majority of patients with hyperthyroidism present an elevated blood 

iodine’ and an inereased loss of iodine in the urine.2 At present few data* 
concerning the iodine content of the cerebrospinal fluid in hyperthyroidism are 
available. The presence of iodine in the cerebrospinal fluid has been demon- 
strated by several investigators.*-* The results reported, however, are not con- 
sistent. The introduction of Matthews’* modification of the Leipert method for 
the microanalysis of iodine makes possible a more accurate determination of 
small amounts of iodine. Our purpose in the present communication is to re- 
port the results of an investigation of the comparative iodine content of whole 
blood and cerebrospinal fluid in patients with and without hyperthyroidism. 


“From the Department of Research Surgery, the Ohio State University, Columbus. 
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METHODS 


Whole blood and cerebrospinal fluid iodine determinations were made on 
two groups of patients. Ten patients did not have demonstrable thyroid dis- 
ease, but 2 had toxie nodular goiter and 8 exophthalmie goiter. These patients 
were afebrile and did not present evidence of central nervous system disease. 
They had not received iodine in any form for at least one month prior to this 
investigation. The 10 patients with hyperthyroidism eventually had a_thy- 
roidectomy, and the clinical diagnosis was confirmed by the operative and 
pathologic findings. 

The lumbar puncture was made on the morning of the basal metabolism 
determination. The patients were given orally 3 grains of nembutal for seda- 
tion. From 20 to 30 ¢.c. of spinal fluid was removed, 5 ¢.c. of which was used 
for cell and protein study. To prevent possible contamination of the cerebro- 
spinal fluid by the relatively high iodine level of the blood, the first few drops 
of the fluid after the removal of the wire stylet were disearded. The initial pres- 
sure of the fluid was measured and found to be within normal limits in all 
patients. The fluids did not contain an abnormal number of cells, and the pro- 
tein contents were normal. 

The venepuncture was performed immediately following the lumbar pune- 
ture. A sufficient amount of blood was obtained to permit an analysis of 25 ¢.c. 
of whole blood and 20 ¢.c. of serum. The results obtained from the determina- 
tions of the iodine content of the whole blood and serum, together with the 
cell volume, were used as reported’ to rule out any increased amount of nutri- 
tional iodine in the blood. All patients studied revealed a low nutritional iodine 
indieating that there had been no recent increased intake of iodine. 

Analyses of both the whole blood and cerebrospinal fluid iodine were made 
by one of the authors (R. L. B.), using Matthews”* modification of the Leipert 
method. This method is accurate to within 5 per cent for amounts of iodine 
from 2 to 400 micrograms. When a single determination is made upon a speci- 
men containing an amount below 0.5 micrograms of iodine, the result may be in 
error to the extent of 0.04 microgram. Matthews’ method has been used in 
this clinic since August, 1935, and gives normal blood iodine values of about 
4 micrograms per cent. 

TABLE I 


THE COMPARATIVE IODINE CONTENT OF WHOLE BLOOD AND CEREBROSPINAL FLUID IN PATIENTS 
Wirnour THyroip DISEASE 


SPINAL FLUI! 


CASE NO, DIAGNOSIS SEX AGE B.M.R,. BLOOD IODINE 


IODINE 

% ug 

Exostosis of femur M 18 Minus 5 2.9 0.4 

2 Obesity F 36 Plus 4 3.1 0.8 
3 Psychoneurosis M 30 Plus 6 3.2 0.6 
1 Normal F 25 Minus 3 3.3 0.8 
5 Osteoarthritis of knee M 3! een 3. 0.4 
6 Ovarian cyst F 24 —_ke 3 0.5 
7 Fracture of radius M 22 Plus 17 3; 0.4 
8 Uleer of leg M 40 aaadies 3.9 0.8 
9 Psychoneurosis F 26 Plus 6 4.1 0.6 
10 Atrophie arthritis M 3 Plus 12 5.1 0.2 


Average 3.6 0.5 
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KESUL'TS 
The ages of the 10 patients without evidence of thyroid disease ranged 
from 18 to 40 years. The basal metabolic rates were within normal limits in 
seven determinations. The blood iodine ranged from 2.9 to 5.1 micrograms per 
cent, with an average of 3.6. This is at the lower range of normal for patients 
in this region using Matthews’ method of analysis. The cerebrospinal fluid 
iodine ranged in values from 0.2 to 0.8 microgram per cent, with an average 
of 0.5 microgram per cent. The results obtained are presented in Table IL. 
There was an elevation of the basal metabolie rate in all the patients with 
hyperthyroidism (Table Il). It ranged from plus 23 to plus 84, with an aver- 


TABLE I] 


Tike COMPARATIVE LODINE CONTENT OF WILOLE BLOOD AND CEREBROSPINAL FLUID IN PATIENTS 
Wirit 


SPIN AI 

CASE NO. DIAGNOSIS SEX AGE B.M.R. | 

IODINE 

% MET 

1 Toxic nodular goiter 10 years F 28 Plus 26 5.1 0.4 
2 Exophthalmie goiter 2 vears Kr 38 Plus +40 5.9 0.5 
Exophthalmic goiter vear 63 Plus 56 6.1 0.2 
4 Toxie nodular goiter 20) vears y 45 Plus 36 6.7 0.6 
5 Exophthalmic goiter 2 vears F 38 Plus 23 8.8 0.8 
6 Exophthalmic goiter 1 vear F 36 Plus 63 8.9 04 
7 Exophthalmic goiter 1 vear M 24 Plus S4 9.6 0.4 
8 Exophthalmie goiter 6 months F 40) Plus 39 10,8 0.5 
9 Exophthalmie goiter 6 months M oY Plus 65 11.2 0.3 
10 Exophthalmie goiter 6 months F 5 Plus 64 15.7 0.8 
Average Plus 50 8.8 0.5 


age of plus 50 per cent. Their ages ranged from 24 to 63 years. The blood 
iodine was inereased in all 10 patients. This inerease was most marked in those 
with a more recent onset of the disease. The lowest value of 5.1 micrograms 
per cent was found in a patient with toxic nodular goiter of ten years’ duration. 
In a woman with exophthalmie goiter of 6 months’ duration and a basal meta- 
holic rate of plus 64, the blood iodine was 15.7 micrograms per cent, which is 
four times normal. The average increase was a little over twice the normal as 
found in this region and as compared with the average blood iodine of the 10 
patients without thyroid disease. The spinal fluid iodine concentration was 
similar to that found in the individuals without thyroid disease, ranging from 
1.2 to 0.8, with an average of 0.5 microgram per cent. 
LITERATURE 

Methods for the determination of the iodine content of organic materials, 
prior to the introduction of Kendall’s procedure! in 1920, were inadequate to 
demonstrate consistently the presence of iodine in the normal spinal fluid. In 
1921 Osborne* published his analyses of pooled spinal fluid obtained from pa- 
‘ients not receiving iodine. He used Kendall’s method. The average of nine 
leterminations was found to be 18 gamma* per cent. Following the administra- 
‘ion of iodides there ensued a rise in the cerebrospinal fluid iodine, this being 
uost marked in patients with meningitis. 


*Gamma and microgram are synonymous, designating 0.001 meg. 
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Cohen'' in 1924 was unable to demonstrate the presence of iodime in the 
spinal fluid of 7 patients without meningeal involvement, each of whom had re- 
ceived 50 ¢.c. of 10 per cent potassium iodide solution intravenously from twelve 
to sixty minutes previous to the lumbar puneture. In 3 patients with meningeal 
disease his starch iodine test was positive. 

Campbell and Snodgrass,'? using Kendall’s method, found only a trace of 
iodine in the spinal fluid of 19 patients with and without meningeal involvement, 
who had not received iodine for several months previously. 

Hirsch* in 1930 determined both the blood and spinal fluid iodine in normal 
persons and in patients with Basedow’s disease. With an average blood iodine of 
13 gamma per cent the normal spinal fluid iodine was found to be 10 gamma per 
cent. In Basedow’s disease the iodine in the cerebrospinal fluid was 70 to 90 
per cent of the blood iodine as compared to a percentage of 65 in normal persons. 

Hahn and Schiirmeyer® used von Fellenberg’s method for the determination 
of iodine in the cerebrospinal fluid of 17 patients who had not previously received 
iodine. Of these patients 12 had syphilis of the central nervous system. With 
the blood iodine level at 10.6 gamma per cent the average concentration of iodine 
in the cerebrospinal fluid was found to be 7.4 gamma per cent. Following the 
administration of iodides the cerebrospinal fluid iodine concentration was in- 
creased. This was augmented by artificially induced fever. 

In 1935 Castex and Sehteingart® determined the iodine content of the cere- 
brospinal fluid obtained from 25 patients, using the method of Leitch and Hend- 
erson. In 4 patients 2 to 2.5 gamma per cent was found, while in the remainder 
only traces of iodine could be demonstrated. Some of the patients had abnormal 
cerebrospinal fluid, but no relation of the iodine level to any other alterations was 
found. 

MeCullagh® analyzed the blood and spinal fluid of 11 patients who were 
undergoing encephalographie studies and who, except in one instanee, had no 
thyroid disease. He used his own method of microanalysis. With a blood iodine 


averaging 7.7 gamma per cent, the spinal fluid iodine was 2.0 gamma per cent. 
DISCUSSION 


Our findings thus confirm the reports of previous investigators that iodine 
is a normal constituent of the cerebrospinal fluid. However, our iodine values 
for both the whole blood and cerebrospinal fluid are definitely lower than those 
of earlier investigators. Moreover, the spinal fluid iodine was 14 per cent of the 
blood iodine in patients without thyroid disease, and only 6 per cent in those 
with hyperthyroidism. 

The amount of cerebrospinal fluid analyzed was 15 to 25 ¢.¢. This contains 
from 0.075 to 0.125 microgram of iodine. The reagent blanks for these analyses 
were 0.06 microgram. An error of approximately 15 per cent in the analysis of 
cerebrospinal fluid must consequently be considered. 


Osborne* was the first to suggest an increased permeability of the choroid 
plexus to iodides in meningeal diseases. Hahn and Schiirmeyer® found that 
fever increased this permeability. In our investigation we were particular] 
careful to rule out all patients with meningeal involvement, those with fever, and 
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also those who had received iodine recently. Each of these three factors might 
result in an abnormal increase in the cerebrospinal fluid iodine. 

Nothing is known of the true nature of the cerebrospinal fluid iodine. It 
may possibly be in a diffusible form, similar to the iodine found in the red blood 
cells.°. However, there was no increase in the cerebrospinal fluid iodine in the 
patients with hyperthyroidism, even though there was an increase in the blood 
iodine. This suggests that the thyroid hormone does not circulate in the cerebro- 
spinal fluid. If the thyroid hormone were normally present in cerebrospinal 
fluid, one would expect an increase in the iodine content in hyperthyroidism 
similar to the increased blood iodine. 


SUMMARY AND CONCLUSION 


Ten patients without thyroid disease, fever, or meningeal disease, who had 
heen on a relatively low iodine intake for at least one month, presented an aver- 
age blood iodine of 3.6 micrograms and a cerebrospinal fluid iodine of 0.5 micro- 
gram per cent. 

Ten patients with hyperthyroidism, who had not received iodine for one 
month, had an average blood iodine of 8.8 micrograms and a cerebrospinal fluid 
iodine of 0.5 microgram per cent. 

The average cerebrospinal fluid iodine was the same in the patients both 
with and without hyperthyroidism, even though there was an average increase of 
144 per cent in the blood iodine in the patients with hyperthyroidism as com- 
pared to the patients without thyroid disease. 

Iodine is a normal constituent of the cerebrospinal fluid. There is no in- 
erease in the cerebrospinal fluid iodine in patients with hyperthyroidism. 
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INTUBATION STUDIES OF THE HUMAN SMALL INTESTINE* 


XVI. THe BacrertaL FLoRA or THE ILEUM Comparep THAT or 
THROAT AND STOMACH IN NORMAL SUBJECTS 


ANNA Nicuous, M.S., AND M. M.D..t Px. 


HE development by Miller and Abbott! of a satisfactory technique for rapid 

intubation of the small intestine of man has made it possible to undertake 
a study of the bacterial flora of that organ and to compare the observations with 
those on specimens, collected almost simultaneously, from the upper and more 
accessible portions of the alimentary tract. By a slight variation in the original 
two-lumened apparatus, uncontaminated specimens from the ileum may usually 
be obtained within a few hours. The collection of suitable specimens from 
several areas in the normal affords an opportunity to study the fate of the 
usual organisms as they pass along the tract, and therefore to establish stand- 
ards for subsequent investigation of bacterial flora under abnormal conditions. 


Review or LITERATURE 


Torrey? observed in dogs that B. coli were numerous in the ileum, that 
B. welchvi were even more common, and that putrefaction occurred when inocula- 
tions were made on a sugar-free medium. Arnold,’ working on dogs with non- 
leaking fistulas, observed in the ileum a very rich bacterial flora with a pre- 
dominance of coliform types. Daeck and Petran* studied the bacterial activity 
in different levels of the intestine of the dog and monkey by means of non- 
leaking fistulas and found the green streptococcus usually present in the ileac 
contents. 

Bacterial studies on the human small intestine, particularly the lower por- 
tion, seem to have begun with van der Reis’ who used, at first, an automatie car- 
tridge, which could be opened at the desired level by an electric magnet, and 
later an Einhorn tube. He coneluded that for man there was an obligate flora 
of the small intestine. In fasting normal subjects he found gram-negative 
bacteria predominating in the ileum. Four groups were present: (a) Strepto- 
coccus lacticus, (b) Bacillus lactis aerogenes, (¢) Bacillus lactis, and (d) 
Bacillus coli communis. Goldman,* using a duodenal tube with a gelatin capsule 
over the bucket, made some tests on material, chiefly from the jejunal level, 
under normal conditions of digestion. She reported on 4 normal subjects and 
20 hospital cases. In the normal persons she found that the viable count varied 
within wide limits. Spore-bearing aerobes were present in all cases. Anaerobes 

*From the Gastrointestinal Section (Kinsevy-Thomas Foundation) of the Medical Clinic. 
ate Bit ga Pepper Laboratory of Clinical Medicine of the Hospital of the University of 


+Justice M. Thompson Fellow in Gastroenterology. 
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were not present. Gram-negative bacilli of the colon group, gamma strepto- 
coceus and B. acidophilus appeared to be normal features. Bogendérfer* con- 
cluded from a study of 15 normal subjects under fasting conditions that the 
small intestine possessed a specific, but not particularly varied, flora of which the 
B. coli was not normally present. Thomson, Einhorn, and Coleman® used a 
collodion membrane over the end of a special rubber tube to obtain intestinal 
samples. They studied the predominant organisms of the throat, stomach, 
duodenum, and small intestine in 2 normal subjects and 10 patients. In the 
normal subjects streptococei and spirilla predominated in the throat, strepto- 
cocei in the stomach, and a gram-negative colonlike organism in the jejunum 
and ileum. 
SUBJECT AND TECHNIQUE FOR SECURING SPECIMENS 


The present report is based on a comparative study of the organisms 
isolated under fasting conditions from the throat, stomach, and ileum in 8 
apparently normal adults who had no upper respiratory or gastrointestinal dis- 
ease. Interest was centered on the flora of the ileum since that of the duodenum 
and its dependence on the physiologic status of the stomach are known. 

1. For the throat specimens, after gargling with a normal saline solution, 
the base of the tongue and the posterior pharyngeal wall were rubbed with a 
sterile swab. 

2. The stomach specimens were taken immediately afterwards by means 
of a sterilized duodenal tube with a Rehfuss tip, the latter enclosed in a thin 
rubber sheath. After the tube had been in the stomach for ten minutes, the 
rubber over the tip was broken by blowing air into the tube from a sterile 
syringe, and then the stomach specimen was aspirated in the usual fashion into 
a sterile container. 

3. For the collection of ileae specimens, a sterile Miller-Abbott': ° double- 
lumened tube with a covered tip was introduced immediately after removing the 
gastric tube. The intubation, which required one to four hours, was accom- 
plished with the aid of a fluoroscope. The bag attached distally to one lumen 
of the tube and distended during the intubation was deflated when the desired 
area of the bowel was reached to allow free passage of intestinal contents. The 
rubber sheath over the perforations into the other lumen was then ruptured, 
thus for the first time permitting intestinal material to enter the tube, and ileac 
fluid was withdrawn. 

PROCEDURE 


The studies were commenced as soon as the specimens were collected. 
ltydrogen-ion determinations were made by the Meeker and Reinhold quin- 
hydrone electrode method. Direct smears of the stomach and ileae contents 


were stained by Gram’s method. 

Plate and hemocytometer counts were made of the ileae contents. For 
‘he plate count, dilutions of 1:200 and 1:20,000 were made, and 0.5 ¢.c. of 
cach dilution was plated in duplicates on plain agar and incubated aerobically 
ind anaerobically for four days, after which time counts were made. Direct 
counts were made by hemocytometer, the contents being diluted 1:20, using 
Offler’s methylene blue as a stain. A Levy counting chamber was employed. 
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Throat cultures were made on plain and blood (human) agar in duplicates, 
aerobic and anaerobic, Beef infusion broth, pH 7.2, was the basis of all culture 
media. 

Stomach and ileac contents were made on human blood, chocolate, Torrey, 
and Sabouraud media, and on bromthymol blue lactose agar, plain and_ bi- 
carbonate, brain glucose broth, deep meat broth, and deep milk. Blood and 
chocolate plates were made in duplicates, aerobie and anaerobic, with exception 
of one chocolate plate under carbon dioxide. Deep meat and deep litmus milk 
were inoculated with 0.1 ¢.c. of contents heated to 80° C. for ten minutes. 

Anaerobic cultures were studied by means of the improved McIntosh and 
Feldes anaerobic jar. The air in the jar was exhausted by means of a vacuum 
pump, and then hydrogen gas was permitted to flow slowly into the jar. 
Anaerobiosis was checked with methylene blue and a tube of B. welchii. De- 
terminations were made by standard methods. Organisms were classified aecord- 
ing to Bergey and the Committee of the Society of American Bacteriologists 
(1930). 

OBSERVATIONS 


The hydrogen-ion concentration of the stomach contents of the normal 
adult, as shown in Table I, varied from 1.74 to 7.01. The acid-base factor 
showed an influence on the bacterial flora of the stomach contents. The speci- 
mens with a pH ranging from 1.74 to 2.48 and with free hydrochlorie acid gave 
no bacterial growth on any medium. One with a pH of 4.2 and free acid showed 
only a sarcina and a mold (syringospora). One with a pH of 4.79 and no free 
acid showed abundant bacterial growth. One with a pH of 5.08 and no free 
acid showed no growth in any medium incubated aerobically but under anaerobic 
conditions showed moderate growth; three different groups were identified, one 
of which was an obligate anaerobe. In general, stomach contents with a pH 
above 4.2 showed moderate to abundant bacterial growth. 

The ileae fluid of the normal adult was yellowish to greenish brown in color, 
viscous, and passed with difficulty through a Berkefeld filter. Its pH varied from 
6.59 to 7.60. All cultures of the ileum were positive. More colonies grew when 
the ileac fluid was alkaline. Fewer organisms and fewer types grew when it 
was acid, 

The direct examination of the stomach contents by the Gram method 
showed gram-negative and gram-positive cocci in pairs and short chains as well 
as gram-negative and gram-positive bacilli. There were moderately few micro- 
seopically visible bacteria in those stomach contents which gave no growth. 
Gram-positive types were numerous in those specimens in which the cultures 
were positive. 

The direct examination by Gram’s method of the ileae contents showed a 
predominance of gram-negative bacteria in all specimens. 

The bacterial count of the ileae contents by plate and direct count showed 
marked variation (Table I). The plate count, that is, the count of viable 
bacteria, averaged from 144,000 to 3,600,000 per e.c. under aerobie incubation 
and from 166,000 to 3,240,000 per ¢.c. under anaerobic incubation. There was 
no constant relationship between the aerobic and anaerobic yields, but the latter 
was usually higher. 
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TABLE 
STOMACH ILEUM 
| BACTERIAL COUNT NO. PER C.C. 

‘ASE FREE -LATE MET 
pH pu PLATE METHOD HEMO 
NUMBER He | AEROBIC ANAEROBIC | CYTOMETER 

CULTURE CULTURE METHOD 

100 Not made Not made Not made | Not made Not made Not made 

108 None 7.22 7.56 | 3,600,000 3,240,000 216,000,000 

104 None 7.01 7.36 900,000 1,002,000 64,000,000 

106 + 1.74 6.59 144,000 166,000 38,000,000 

107 None 4.79 6.68 | 1,004,000 2,886,000 Not made 

109 + 9 48 7.12 948,000 996,000 56,000,000 

110 + 43* 7.3" | 516,000 672,000 67,000,000 

115 None 5.08 7.60 |Not sufficient |Not sufficient | 120,000,000 


*Universal indicator. 


The direct count varied from 38,000,000 to 216,000,000 per ¢.c. With the 
exception of one ease, the direct count averaged seventy times as high as the 
plate count. This variation may be due to the fact that many organisms were 
dead or that they did not grow well on infusion agar. 


BACTERIAL VARIETIES AND DISTRIBUTION 


In the bacterial study 4385 colonies were picked from plates, and of this 
number 331 were tested biochemically, the remainder being discarded because of 
similarity. 

From the tabulation in Table IT the different groups and species of bacteria 
and the frequeney with which they occurred in the throat, stomach, and ileum 
of the normal adult may readily be seen. Table II] shows groups and species 
of bacteria according to location in each of the eases. 

In the throat there were identified 14 groups and 31 species of bacteria and 
1 group each of molds and yeast. 

In the stomach contents there were identified 14 groups with 27 species of 
bacteria and 1 group each of molds and yeast. 

In the ileum there were identified 18 groups and 42 species of bacteria and 
| group each of the molds and yeast. 

In the throat the Streptococcus group was identified in all cases. The 
ext most frequent group was Neisseria, isolated in 5 of the 8 cases. In rela- 
tively small numbers were Staphylococcus of the hemolytie type, Micrococcus 
‘nonhemolytie) and Sareina, and oceasionally the pneumococcus, Klebsiella, 
Fusiformis, Actinomyces, spore-bearing aerobic bacillus, Alealigenes, Bacteroides, 
and Syringospora. 

In the stomach contents the groups most frequently present were Strepto- 
coceus and Mierococeus (nonhemolytie). These were present in 3 of the 7 cases 
studied. The next most frequent groups were Neisseria, Staphylococcus (hemo- 
‘vtie type), and Pseudomonas. Oceasionally identified were Escherichia of an 
‘nusual variety, pneumococeus, Alealigenes, Actinomyces, Bacteroides, and 
Syringospora, 

The group of bacteria most frequently identified in the ileae contents was 


“treptoeoeeus, not unlike those found in the respiratory tract. The next most 


‘requent groups were Micrococcus (nonhemolytie) in 7, Staphylococcus (hemo- 
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TABLE II 


NUMBER OF TIMES GROUPS AND SPECIES OF BACTERIA AND Mops WERE IDENTIFIED IN 8 
THROAT AND ILFAC CONTENTS AND 7 STOMACH CONTENTS 


GROUPS SPECIES THROAT STOMACH ILEUM 
Pneumococecus l 2 2 
type IIT 1 1 1 
type sp? 0 1 1 
Streptococcus S a 
alpha 8 3 8 
beta 3 1 4 
gamma 4 
Neisseria 5 2 9 
flavus 0 0 
perflavus 2 0 0 
catarrhalis 3 2 
P Staphylococcus 3 1 6 
“4 albus 2 l 4 
aureus ] 0 3 
epidermis 0 0 2 
Micrococcus 3 3 7 
varians 0 1 1 
flavus l 1 0 
subeitreus 0 1 0 
spheroides 0 1 2 
eandicans 1 0 2 
eandidus 2 2 9 
luteus 0 0 
saseolyticus 0 1 0 
luteolus 0 1 i 
freudenreichii 0 0 
sp? 3 0 2 
Sarcina 3 2 5 
lutea 1 0 1 i 
psychrocarterica 1 4 
subflava 0 0 1 ; 
flava 0 1 0 
ventriculi 0 0 1 
sp? 3 0 2 ; 
Vibrio 0 0 1 
sp? 0) 1 
Pseudomonas 0 2 
myxogenes 0 1 1 
centrifugans 0 1 1 
Achromobacter 0 1 0 
sp? 0 1 0 
Lactobacillus 0 0 ° 
acidophilus A 0 0 1 
acidophilus B 0 0 1 
Klebsiella 1 0 
capsulatus 1 0 
Escherichia 0 1 2 
enterica 0 0 1 
neapolitana 0 1 1 
Shigella 0 0 2 
minutissima 0 0 1 


sp? 0 0 1 


h 
4 
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TABLE 


“GROUPS SPECIES THROAT STOMACH ILEUM 


Alealigenes 1 1 ] 
metalcaligenes ] 0 0 
recti 0 1 1 


Bacteroides 


fragilis 0 1 0 
sp? 1 0 ] 

Bacillus aerobie 
spore-bearing 1 
adhaerens 0 0 2 
circulans 0 0 1 


tlexus 


Actinomyces 2 
actinomorphus 2 0 0 
erythropolis 3 
sp? 0 


Corynebacterium H 
xerosis l 1 ] 
pseudodiphtheriae l ] ] 
lymphophilum a 1 0 
enzymicum 0 0 2 
flavidum I 0 0 
sp? 1 


Fusiformis 
dentium 1 0 0 


Saccharomycetaceae l 0 3 
sp? 1 0 3 
Syringospora l 1 1 
psilosis ] 1 1 
Group? gram-positive rod 1 0 0 


lvtic) in 5, and Sareina in 5 of the 8 eases. The other groups present in rela- 
tively small percentage were spore-bearing aerobic bacilli, Corynebacterium, 
pneumococeus (which was isolated only when the stomach contents had no free 
acid and a slightly alkaline reaction), Neisseria, Pseudomonas, Lactobacillus, 
Shigella, Actinomyces, and Escherichia. Present in seattered numbers were 
Klebsiella, Alealigenes, Bacteroides, Vibrio, Saccharomycetaceae, and Syringo- 


spora. 

Table IIT shows the predominating organisms as determined from directly 
inoculated aerobie and anaerobic blood agar plates. In the throat, no single 
predominating organism was noted in 8 patients unless it was streptococcus. 
Streptococcus alpha was the predominating organism in the stomach and ileae 
contents. 

Work has been begun on a comparative study of the bacteria in the throat, 
stomach, and ileum of the abnormal person by the Miller-Abbott intubation 
method. The investigation has been completed in 4 patients; 2 with uleerative 
colitis, one with hypertension with septic sore throat, and one with an intestinal 
fis ula. It suggests that bacterial growth is less extensive than under normal 
conditions in that fewer kinds of bacteria are present. 


OMPARISON OF GROUPS IN THROAT, STOMACH, AND ILEUM OF NORMAL ADULTS 


Streptococci were identified in all throat and ileac specimens and in the 
stuinach contents of 3 patients. Of the types isolated alpha was present in all 
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TABLE IIL 


BACTERIAL FLORA ACCORDING TO CASE AND AREA* 


THROAT STOMACH ILEUM 


Streptococcus alpha Not studied Streptococcus alpha 
Staphylococcus albus* Streptococcus beta 
Neisseria catarrhalis 
Micrococcus sp? Staphylococcus albus 
Klebsiella capsulatus Micrococcus varians 
Micrococcus spheroides 
Sarcina lutea 
Klebsiella capsulatus* t 
Bacillus adhaerens 
Bacillus circulans 
Actinomyces sp? 
Saccharomycetaceae sp? 


'Pneumococeus type Pneumococcus type II Pneumocoecus type LIL 
Streptococcus alpha* t Streptococcus alpha* Streptocoecus alpha* t 
Streptococcus beta Streptococcus beta Streptococcus beta 
Streptococcus gamma Micrococcus varians Micrococcus candicans 
Neisseria perflavus Micrococeus flavus Sareina psychrocarterica 
Sarcina lutea Micrococcus subcitreus Alealigenes recti 
Corynebacterium xerosis Micrococcus spheroides Actinomycetes erythropolis 
Alealigenes reeti Corynebacterium enzymicum 


Streptococcus alpha Pneumococcus type? Pneumococcus type? 
Streptococcus beta 
Streptococcus gamma* Streptococcus alpha Streptoccecus alpha 
Neisseria catarrhalis Streptococcus gamma Streptococcus gamma* 
Staphylococcus albus Staphylococeus albus 
Staphylococcus albus Neisseria catarrhalis Neisseria flavus 
Corynebacterium pseudo- Staphylococcus albus Micrococcus candicanst 
diphtheriae t 
Micrococcus candidus Micrococcus spheroides 
Vibrio sp? 
Pseudomonas myxogenes Sarcina sp? 
Actinomyces erythropolis Pseudomonas myxogenes 
Corynebacterium pseudo- Bacillus adhaerens 
diphtheria 
Corynebacterium enzymicum 
Corynebacterium sp? 


Streptococcus alpha All cultures negative Streptococcus alpha* t 
Streptococcus beta Streptocoecus gamma 
Alcaligenes metalealigenes Lactobacillus acidophilus A 
Corynebacterium flavidum* Lactobacillus acidophilus B 
Bacteroides sp? Shigella minutissima 
Shigella sp? 

Actinomycetes erythropolis 


Streptococcus alpha Streptococcus alpha*t Streptococcus alpha 
Neisseria catarrhalis* Streptococcus gamma Streptococcus beta 
Micrococcus candicans Neisseria catarrhalis Streptococcus gamma 
Micrococcus sp? Micrococcus candidus Staphylococcus aureus 
Micrococeus caseolyticus 
Micrococcus freudenreichii Microecoeceus sp? 

|Sareina psychrocarterica Sarcina psychrocarterica 
Sarcina flava Sarcina ventriculi 
Pseudomonas centrifugans /Sarcina sp?*t 
Pseudomonas centrifugans 
Bacteroides sp? 
Corynebacterium xerosis Vibrio sp? 

Actinomyces erythropolis 
Saccharomycetaceae sp? 


*Predominating organism—aerobic plate. 
*Predominating organism—anaerobic plate. 
tNo predominant group present. 


304 
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Streptococcus alpha 
Streptococcus beta 
Streptococcus gamma 
Neisseria catarrhalis* t 


Actinomyces actinomorphus 
Actinomyces erythropolis 
Saccharomycetaceae sp? 
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110 |Streptococeus alpha 
Streptococcus gammat 
Neisseria catarrhalis 
Staphylococcus aureus 
Sarcina psychrocarterica* 
Syringospora psilosis 


Sarcina flava} 


Syringospora psilosis 


Streptococcus alphat 
Neisseria perflavus 
Micrococcus flavus 
Micrococcus sp?* 
Sarcina sp? 
Bacillus flexus 
Fusiformis dentium 
Gram-positive bacillus 
group? 
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All produced soluble hemolysins. 
beta hemolysis when grown aerobically on human blood agar.?° 

Later in the study, identification of the beta streptococci was made by 
Lancefield’s standards, using Brown’s'' method for precipitation. 
throat strains, one was group A, one was group B, the others were not done. 
The one strain from the stomach contents did not classify by any sera available, 
A to E, but biochemically was group G. One strain from the ileac contents was 
group B, while two strains which gave negative precipitin reactions with all 
antiserum used were biochemically group G. 

Hemolytic staphylococeus was twice as frequently identified in the ileae con- 
tenis as in the throat. It was present in only one stomach specimen. Staphylo- 
coc. 1s albus was the most frequent species identified. 

Neisseria were relatively few in the stomach and ileae contents, although 
the: were present in over half the throats studied. 


Escherichia neopolitana} 
Bacteroides fragilis 
Actinomyces sp? 
Bacillus flexus 


throat and ileae specimens and in 2 from the stomach; the beta type in 5 of the 
throat, 1 of the stomach, and 3 of the ileae specimens; and the gamma type in 
4 of the throat, 2 of the stomach, and 5 of the ileae specimens. 

It is of interest that the majority of the beta streptococci, 2 from the throat 
and 2 from the ileae contents, were isolated only under anaerobic conditions. 
They were not, however, obligate anaerobes, though all were markedly micro- 
All retained their ability to give 


Streptococcus alpha* t 
Streptococcus gamma 
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Staphylococcus albus 


Staphylococcus aureus 
Staphylococcus epidermis 
Micrococcus candidus 
Sarcina psychrocarterica 
Saccharomycetaceae sp? 


Streptococcus alpha 
Streptococcus beta 
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Escherichia enterica 
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Staphylococcus albus 
Staphylococcus epidermis 
Micrococcus candidus 
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Micrococei which were predominately nonhemolytic were identified in 7 of 
the 8 ileae specimens. Six different species were noted. They oecurred relatively 
less in the throat and stomach contents, namely, 3 out of 8 eases for the former 
and 3 out of 7 cases for the latter. 

Sarcina were identified in 5 of the 8 ileae contents, 3 of the 8 throats, and only 
1 of the 7 stomach contents, 

The Escherichia group was not observed in the throat. It was identified 
in 2 of the 8 ileae specimens, and onee from the stomach. In the stomach it 
was isolated from an anaerobic plate which showed a seant flora, the aerobic 
cultures being sterile. 

No B. coli commune or communior was identified in the three regions 
studied. The one species of Escherichia present in the stomach and two species 
present in the ileac contents were of uncommon varieties. 

No B. welchii have been observed in any of the eases to date, despite careful 
search. Specimens have been inoculated into deep meat and milk after heating 
to 80° C. for ten minutes and ineubated anaerobically. We have readily identi- 
fied this organism in material obtained from the ulcerative lesion of ulcerative 
colitis cases and know it to be present sometimes in the presumably normal smal! 
intestine. 

Three groups of bacteria and one yeast, namely, Shigella, Lactobacillus, 
Vibrio, and a Saccharomycetaceae were observed only in the ileae contents. 

A gram-positive, nonacid-fast, nonhemolytic, nonmotile branching organism, 
belonging to the Actinomyces group, was identified in 2 of the 8 throats, 2 of 
the 7 stomach contents, and 5 of the 8 ileac contents. The microorganism was 
occasionally observed in direet examination of the ileae contents. Without 


exception, the organism was isolated upon human blood agar anaerobic plates. 


Three species were observed according to their cultural and biochemical reaction. 
All species were microaerophilic. Filament forms were not dominant in primary 
cultures and frequently not until several subeultures were made. Involution 
forms on the end of filaments, both clubbed and spherical shaped, were present 
in cultures incubated for several days. 

One species corresponded to Actinomyces actinomorphus of Bergey's 
classification. It gave a luxuriant, white, confluent growth on 0.1 per cent 
glucose agar, adherent to the medium and difficult to emulsify. It produced no 
change in milk, liquefied in gelatin, reduced nitrates, produced no indol, formed 
acid but no gas in sucrose, maltose, levulose, dextrin, and inulin. 

Another species corresponded to Actinomyces erythropolis of Bergey's 
classification. It showed a smooth, opaque, nonadherent, white growth on 0.1 
per cent glucose agar. It formed acid in milk, did not liquefy gelatin, reduced 
nitrates in less than twenty-four hours, produced no indol, formed acid but no 
gas, in glucose, sucrose, lactose, maltose, galactose, salicin, levulose, dextrin, and 
occasionally in mannite and inulin. 

Another species growing on 0.1 per cent glucose agar, like the latter, was 
inactive in all media except media for reducing nitrates. 
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The predominating organisms present in the ileae contents of the normal 
fasting adult were those capable of utilizing sugars, but not of producing indol 
or liquefying gelatin. 

Those organisms capable of digesting proteins, other than the Staphylo- 
coceus group, were relatively infrequent in the ileac contents. Six groups and 
7 species of organisms capable of liquefying gelatin, and 3 groups and 4 species 
capable of producing indol were identified. In 1 of the 8 eases, no protein- 
digesting or indol-producing organisms were identified. In 2 cases, gelatin- 
liquefying types alone were observed, and in 5 eases, both gelatin liquefiers 
and indol producers were present. It is, of course, known that many organisms 
will first utilize for energy any carbohydrates present, sparing the proteins. 


SUMMARY AND CONCLUSIONS 


This study of the bacterial flora of the human throat, stomach, and ileum, 
employing for the first time the Miller-Abbott tube to secure the ileae specimens, 
indicates, by both aerobie and anaerobie cultures, a marked similarity in the 
organisms from the three areas. Variation in frequency rather than types of 
bacteria is noted. The varieties and place of discovery may be seen by consult- 
ing Tables IT and III. 

In the throat, Streptococcus and Neisseria were the most frequent groups 
identified. 

In the stomach, Streptococcus and Micrococcus (nonhemolytic) were the 
most frequent groups. 

Ileae fluid showed Streptococcus and Micrococcus (nonhemolytic) as the 
most frequent groups. 

Streptococcus alpha was the predominant group in the stomach and ileae 
contents. 

Certain types of bacteria, such as B. welchii, terminal spore-bearing an- 
aerobes, and B. coli communis and communior, were not observed in the normal 
fasting adult ileae contents. The Escherichia species identified were uncommon 
varieties. 

Direct examination of the contents of the ileum by Gram’s method showed 
gram-negative types of bacteria to predominate. 

Biochemical tests showed protein-digesting organisms to be relatively low 
and the earbohydrolytie organisms to be correspondingly high. 

The number of viable organisms growing in laboratory media and the or- 
ganisms enumerated by hemocytometer count showed a relationship of 1 to 70. 

Because certain organisms were microaerophilic, anaerobic methods were 
necessary for this study. This was especially true for the isolation of the 
Streptococcus and Actinomycetes group in the throat and ileum. Relatively 
fe obligate anaerobes were identified. 
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LABORATORY METHODS 


A NEW INSTRUMENT FOR THE DIFFRACTOMETRIC MEASURE- 
MENT OF THE DIAMETER OF RED BLOOD CELLS* 


L. Hapex, M.D., CLEVELAND, OHIO 


HOMAS YOUNG! in 1813 first applied the principle of diffraction of 

light to the measurement of small objects. He made an instrument which 
he designated an eriometer since it was designed primarily for measuring 
threads of wool. With this apparatus, he determined the diameter of other 
small objects such as vegetable spores and red blood cells. The figure he 
obtained for the mean diameter of human erythrocytes was 6.8 microns. This 
is not far from the correct measurement. 

The principle utilized by Thomas Young is simple. When a beam of 
white light strikes a small obstacle or is passed through a small aperture, the 
light waves are ‘‘bent’’ at the sides of the object or aperture. Since the wave 
lengths of the constituent colors of white light are all different, a spectrum is 
produced. This is due to the fact that the degree of **bending’’ is dependent 
on the wave length of the color. The usual diffraction grating utilized for 
producing a spectrum consists of many parallel opaque lines closely cut with 
a diamond point on a glass plate. This produces a spectrum in the shape of a 
band. If white light is passed through a film of blood cells or other small 
round objects, a corona is formed of the spectral colors by the same mechanism. 
The blood film becomes a diffraction grating. The coronas formed by eryth- 
rocytes are the composite of tens of thousands of individual cell coronas. 

In 1918 Pijper? independently utilized the diffraction principle for meas- 
uring the diameter of small objects. His instrument was first used for measur- 
ing bacteria. In 1919*° he applied this principle to the measurement of the 
diameter of erythrocytes. Pijper has made several types of apparatus for the 
diffraetometrie measurement of diameter. Zeiss now supplies a practical e¢lin- 
ical instrument, the ‘* blood cell tester,’’ for determining the diameter of eryth- 
rocytes, made according to Pijper’s specifications’. 

Unaware of Thomas Young’s efforts, Pijper independently rediscovered 
‘he principles utilized in the diffractometrie measurement of small objects. 
‘le deserves the greatest credit for the rediscovery, for priority in developing 

practieal clinical instrument, and for first emphasizing in 1924 the value of 
sich an instrument in the diagnosis of pernicious anemia’. 

Since Pijper’s pioneer work, others have made instruments for measuring 

1c diameter of red blood cells by diffraction. Emmons® in 1927 described his 


*From the Cleveland Clinic, Cleveland. 
The Haden-Hausser erythrocytometer is manufactured by C. A. Hausser & Son and sold 
the Arthur H. Thomas Co., West Washington Square, Philadelphia, Pa. 


399 


| 
i 
| 
a 


400 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


eriometer; Eve’ in 1929 the halometer, and Bock* in 1933, the erythrocytom- 
eter known by his name. The principle of all these devices depends on the 
fact that the size of the spectrum varies with the size of the red blood cell 
and its distance from the light souree. The diameter of the coronas varies 
inversely as the size of the particles and also inversely as their distance from 
the light. If the size of the coronas is kept constant, then the size of the 
particles will vary directly as their distance from the light source and vice 
versa. With Pijper’s blood cell tester, the distance of the blood film from the 
light is kept constant and the diameter of the coronas is measured; with the 
other instruments, the size of the coronas is kept constant in various ways and 
the distance from the light source is determined. 

I have compared measurements of the red cell diameter with the eyepiece 
micrometer by direct measurement of the cells projected on a sereen and with 
the Pijper, Emmons, and Bock instruments". The Emmons eriometer was 
found to be practical and to give accurate results. Pijper’s blood cell tester 
is designed primarily for comparing abnormal with normal films; accurate 
quantitative measurements with it are possible but less satisfactory. The Bock 
erythrocytometer did not give correct readings on abnormal cells. 

Emmons’ apparatus is a good one but has never been available commercially. 
Since the principles originally used by Thomas Young and those he employed 
are so satisfactory, we have been interested in the development of an inexpensive 
instrument for the diffractometrie measurement of red blood cells. C. A. 
Hausser and Son have been responsible for the mechanical features of the 
instrument; I have collaborated and made the calibrations. 

The instrument is shown in Fig. 1. The light source is a small standard 
50 watt projection lamp, usable on a regular light circuit without a transformer. 
This is set in the base of the instrument. Above the lamp is an opaque disk 
with a small central aperture. This light source is surrounded by three sets 
of smaller apertures, which are large enough to be visible but do not create 
separate spectra. A slot is provided for holding the slide or cover glass on 
which the blood film has been made or the chamber if a wet preparation is 
employed. A rack and pinion is provided for varying the distance of the film 
from the light source. As the film is moved away from the light source, the 
colored rings of the spectrum become larger. The position of the film ean be 
thus adjusted until the inner red ring used for the measurement directly 
overlies the inner circle of small holes (Fig. 2). 

The accuracy of measurements of the red blood cells depends greatly on 
the manner in which the film or suspension of red blood cells is prepared. In 
making a film the cells may be greatly altered from the natural state. The 
cells in a good film should be well spread so as to not overlap. The film 
should not be thin enough to flatten the cells. A dry unstained preparation 
gives a much more brilliant spectrum than a dry stained preparation. The 
dried plasma seems to influence the measurements also. We have found that 
the most satisfactory specimens are those made on cover glasses stained with 
Wright’s stain and mounted in physiologic (0.9 per cent) sodium chloride 
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solution for measuring. A good film of normal blood, when examined under 
the microscope, should show the normal central concavity of the red blood 
cell sharply. 

In ealibrating the apparatus, one colored ring of the concentric spectra 
must be selected for overlying the circle of small holes. Pijper thinks the 
measurement is most accurate with the yellow ring. Emmons selected the 
inner red ring. We have found this ring most easily read and accurate for 
all variations in the diameter of the cell. Pijper states that relative varia- 
tions in the red, yellow, and violet rings indicate anisoeytosis and poikilocytosis 
also; we have not been impressed with the value of such interpretations. 


Fig. 1.—Haden-Hausser erythrocytometer. 
Fig. 2.—Field of view of Haden-Hausser erythrocytometer. 


Marked anisocytosis and poikilocytosis are apparent on examining the film 


under the microscope. The great value of the instrument is in determining 
the mean diameter. The measurement obtained represents the mode or char- 
acteristic diameter and not necessarily the mathematical average. Each 
cell throws its own corona, so the point of maximum intensity corresponds to 
the figure representing the diameter of the greatest number of cells. 


If thought desirable, a fresh wet preparation of red blood cells may be 
employed. The blood is diluted about 1:200 in a red cell counting pipette 
with 1.4 per cent sodium oxalate solution which is isotonic with blood. A drop 
of the diluted blood is placed in a chamber 15 mm. deep, allowed to stand for 
a few minutes until the cells settle out, covered with a cover glass, and read 
in the same manner as with the stained specimen. The layer of cells in the 
‘hamber is very uniform and the cells are unaltered in the isotonic solution. 
The spectrum is not so brilliant, however, as with the dry stained preparation 
mounted in salt solution. The readings are slightly lower in the wet prepara- 
‘ion, partly due to the additional thickness of the slide. 
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We have used the following technique in making the preparations and 
reading the instrument: Thin, uniform films are made on cover glasses and 
stained with Wright’s stain. The cells in the film should touch but not overiap. 
A few drops of 0.9 per cent sodium chloride solution are placed on the dry 
stained preparation, and the cover glass is inverted on a clean glass slide. 
If the film is made on a slide and stained, an area should be selected for reading 
where the spread is satisfactory and the shape of the cells is unaltered. A 
cover glass is mounted over this area with the salt solution. The preparation is 
moved up and down until the inner red ring is centered over the inner set 
of holes. The mean cell diameter is read off on the seale located on the wheel 
used to rotate the pinion. 

Three sets of apertures are provided. For reading with the outer set, 
the second red ring is used; for the middle set, the yellow ring. In a normal 
blood, the readings should be the same for all three rings and apertures. In 
an abnormal blood, this is not necessarily true. The measurement of the mean 
cell diameter is always made with the inner red ring centered over the inner 


set of apertures. 
TABLE I 


MEAN CELL DIAMETER BY 

NEW EMMONS’ | DIRECT 
INSTRUMENT ERIOMETER MEASUREMENT 
MICRONS MICRONS MICRONS 


NUMBER DIAGNOSIS 


i Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Congenital hemolytic icterus 
Congenital hemolytic icterus 
Congenital hemolytic icterus 
Congenital hemolytic ieterus 
Congenital hemolytic ieterus 
Congenital hemolytic ieterus 
Congenital hemolytic icterus 
Obstructive jaundice 
Obstructive jaundice 
Pernicious anemia 
Pernicious anemia 
Idiopathic hypochromic ane- 
mia 
Idiopathic hypochromic ane 
mia 


Dim 


1 7 

- ‘ 
‘ 
4 7 
5 7 
6 7 
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I have previously shown’ that the Emmons eriometer gives readings 
maiching closely those obtained with a filar micrometer eyepiece. I have again 
compared readings obtained with this new instrument and with the Emmons 
eriometer and by direct measurement using an eyepiece micrometer. The 
results are shown in Table I. I am under the impression that the results 
obtained by the diffractometrie method are even more reliable than those 
obtained by direct measurement. Readings are made in a moment. If cover 
glass preparations are preserved, we have found that the cover glasses are 
easily removed if heated slightly, After removing the Canada balsam or gum 
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and drying, readings are just the same as those originally 


dammar with xylol 
obtained. 

When the diameter is measured directly, a distribution curve (Price- 
Jones) ean be drawn. The shape of the curve shows the degree of anisocytosis. 
The greatest clinical value of the red blood cell diameter, however, is in the 
mean diameter, especially when related to the mean red blood cell volume. 
From these data the thickness can be calculated and the shape of the cell 


visualized!’, 


SUMMARY 


An inexpensive, simple, and accurate erythrocytometer for measuring the 
mean diameter of the red blood cells has been described. A technique for mak- 
ing the preparations for readings which gives a brilliant and sharply read 
spectrum has been outlined. The routine study of every patient presenting 
a hematology problem should include the measurement of the mean red blood cell 
diameter and the ealeulation of the cell thickness. 
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THE DETERMINATION OF ACETYLSULFAPYRIDINE.  1* 
JoHn V. Scupt anp Harry J. Roprnsox, Ranway, N. J. 


ITH the isolation of acetylsulfapyridine from human urine,':? and the 

discovery that coneretions of this substance may cause urolithiasis in ex- 
perimental animals,** its determination in body fluids became increasingly 
important. 

The procedure first employed by Marshall’ for the determination of acetyl- 
sulfanilamide has, in many instances, been applied directly, without modificea- 
tion, to the estimation of acetylsulfapyridine. In a recent communication,® in 
which he recommended a coupling component superior to the original alcoholic 
alpha dimethylnaphthylamine, Marshall cautioned investigators against such 
usage which may lead to errors of significant proportions. In the present 
study, certain sources of error have been investigated, and the original Marshall 
procedure has been adapted to the determination of acetylsulfapyridine in blood 
and urine. 

In their study of the reaction of diazotized sulfanilic acid and dimethyl- 
aniline in hydrochloric acid, Goldschmidt and Merz’? have shown that the re- 
action mechanism is given by a bimolecular equation if a term for the concentra- 
tion of hydrochlorie acid is included in the usual bimolecular expression; and 
that neutral salts are without influence on the rate of coupling. The coupling 
of diazotized sulfapyridine with alpha dimethylnaphthylamine is in close analogy 
with this work. At various concentrations in 0.1 or 0.2 normal hydrochloric acid, 
diazotized sulfapyridine couples completely within fifteen minutes. The rate 
is markedly retarded if the acid concentration is increased. 

Fig. 1 shows the coupling rates of the products of hydrolysis of acetyl- 
sulfapyridine obtained with 2 normal hydrochloric acid.t After seventy 
minutes of hydrolysis at water bath temperatures, these solutions were cooled 
and diluted to the appropriate concentrations of acetylsulfapyridine. The final 
concentration of hydrochloric acid was 0.2 normal in all cases. Stoichiometri- 
cally, complete coupling was obtained only after sixty minutes. Similar results, 
although slightly less striking, were obtained when the acetylsulfapyridine was 
hydrolyzed with 0.2 normal hydrochloric acid. 

It is evident from these data that significant errors would be introduced if 
the coupling colors were read within ten to fifteen minutes as in the determina- 
tion of sulfanilamide. 

These findings suggest that acid hydrolysis produces some side reaction 
which has a retarding influence upon the coupling rate. To investigate this 

*From the Merck Institute of Therapeutic Research, Rahway. 

Received for publication, September 7, 1939. 


+The Evelyn’ photoelectric colorimeter with filter No. 540 has been used throughout 
The results given graphically are typical sets of curves. 
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phenomenon further, solutions of free sulfapyridine were treated with hydro- 
chlorie acid at water bath temperatures for seventy minutes, Various con- 
centrations of hydrochloric acid were used, but after the heat treatment, the 
solutions were cooled and adjusted to 0.2 mg. per cent free sulfapyridine and 
0.2 normal hydrochloric acid. The coupling rates were then measured, and it 
was observed that the rate of coupling varied inversely with the initial con- 
centration of the acid used. With an initial acid concentration of 2.0 N, more 
than sixty minutes were required tor complete coupling. These data indicate 
that acid hydrolysis influences the sulfonamide grouping of the free sulfa- 


pyridine. 


4 


Fig. 1.—Curves 1 through 5 represent concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5 mg. per cent 
of acetylsulfapyridine, respectively. 


The sulfonamide linkage of sulfapyridine is split by acid hydrolysis. The 
difference in the coupling rates observed before and after acid hydrolysis can 
be readily understood on this basis. Meyer® has shown that diazotization of 
2-aminopyridine in hydrochloric acid yields 2-chloropyridine. Morgan’s later 
work"® indicates that 2-aminopyridine may be diazotized in the presence of other 
acids. In the present study a color was observed at high concentrations of 
2-aminopyridine, but not at the concentrations actually used. Consequently, it 
was anticipated that the retardation in coupling rate after acid hydrolysis was 
due to the liberation of sulfanilie acid which couples more slowly than sulfa- 
pyridine under the conditions imposed. <A series of pertinent reaction rates is 
shown in Fig. 2. Acid hydrolysis of sulfapyridine (curve 2) retarded the 
coupling rate to such an extent that the reaction was complete only after sixty 
minutes. Mixing stoichiometric amounts of sulfanilic acid and 2-aminopyridine 
‘curve 3) gave the same results, as did an equivalent weight of sulfanilie acid 
‘eurve 4). This is strong evidence for the cleavage of the sulfonamide grouping 
upon acid hydrolysis of sulfapyridine. 
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To confirm these findings, the absorption spectra of acid solutions of sulfa- 
pyridine before and after hydrolysis were compared with that of an equivalent 
solution containing sulfanilie acid and 2-aminopyridine.* The results are shown 
in Fig. 3. Under the conditions used, approximately 80 per cent of the drug 
was split at the sulfonamide linkage. 
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Fig. 2.—Curve 1 shows the coupling rate of 0.2 mg. per cent sulfapyridine diazotized and 
coupled in 0.2 N HCl. Curve 2 gives the influence of acid hydrolysis on this coupling rate. A 
solution of 2.0 mg. per cent in sulfapyridine and 2 N in HCl was warmed seventy minutes on a 
water bath. It was cooled and diluted 1:10 with water. Curve 3 shows the coupling rate of 
stoichiometric amounts of sulfanilic acid and alpha aminopyridine. Curve 4 gives the coupling 
rate of an equivalent weight of sulfanilic acid. 

The sulfonamide linkage is remarkably stable to alkaline hydrolysis. Thus, 
using an alkaline hydrolysis of acetylsulfapyridine, complete coupling was ob- 
tained within twelve to eighteen minutes. Where it is possible to use an alkaline 
hydrolysis of acetylsulfapyridine, not only will the sulfonamide linkage remain 
intact, with a concomitant increased coupling rate, but further, certain interfer- 
ing reducing substances,'! such as ascorbic acid, gluco-reductones, thiols, ete., will 
be removed. Such an alkaline hydrolysis already has been used with the pur- 
pose of removing interfering substances in the determination of acetlysulfanila- 
mide.'2 More recently, Baines and Wien? have used an alkaline hydrolysis in 
the determination of acetylsulfapyridine. 

Determination of Acetylsulfapyridine in Urine.—In a series of 25 normal 
urine specimens, an average recovery of 103 per cent (+2 per cent, maximum 
deviation 6 per cent) was obtained when the urine samples containing known 
amounts of added acetylsulfapyridine were treated as follows: 1 ¢.c. of urine, 
9 ec. of water, and 5 ¢.c. 8 normal sodium hydroxidet were warmed on a steam 
bath for seventy minutes. The reaction mixture was cooled by addition of 


*These data have been furnished by Dr. T. J. Webb and Mr. W. Bastedo of the Research 
Laboratories of Merck & Co., Inc. 

It is not necessary to reflux the solution as recommended by Baines and Wien,’ nor is 4 
rigorous standardization of the acid and alkali necessary. 
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approximately 50 ¢.¢. water. Twelve cubic centimeters of 4 normal hydrochloric 
acid were added and the volume adjusted to 100 ¢.c., giving a urine dilution of 1 
to 100. At this dilution, urines containing 10 mg. per cent acetylsulfapyridine 
‘an be accurately analyzed. At higher concentrations of the drug, greater dilu- 
tions may be used. The diazotization and coupling were essentially that de- 
To 10 ¢.¢. of the hydrolyzed and diluted urine, 1 ¢.e. of 


scribed by Marshall.® 


{ 


Fig. 3.—Curve 1 gives the absorption data for sulfapyridine in 0.2 N HCl. Curve 2 
represents the absorption of an equivalent solution of sulfanilic acid and alpha amino pyridine. 
Curve 3 shows the absorption of an equivalent solution of sulfapyridine after hydrolysis for 
seventy minutes in 2 N HCl. (This solution was diluted to 0.2 N and the absorption measured. ) 
Curve 4 was calculated for 80 per cent hydrolysis. 


1 per cent sodium nitrite was added, and after three minutes, 1 ¢.c. of 0.5 per 
vent ammonium sulfamate was added. After two minutes, 5 ¢.c. of alcoholic 
imethyInaphthylamine were added, the contents were mixed by inverting the 
‘ube twice, and the colors were read in the colorimeter after fifteen minutes. 
Very little further change occurred if the tubes were allowed to stand for six 
ours. 

Determination of Acetylsulfapyridine in Blood.—The method reported by 
‘larshall for the determination of free sulfanilamide is directly applicable to 
ie estimation of free sulfapyridine in urine and in blood. For blood at a 1:50 


ilution, 100 per cent recovery has been reported. 
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In the present study, water was employed as the laking agent. An acid 
hydrolysis’ was employed since some filtrates developed a yellow color during 
alkaline hydrolysis. Using 0.5 ¢.c. of 4 normal hydrochloric acid per 10 ¢.c. of 
blood filtrate containing varying known amounts of acetylsulfapyridine, the 
hydrolysis was found to be incomplete and, therefore, 0.5 ¢.¢. of 8 normal hydro- 
chloric acid was used. In order to neutralize the excess acid, 0.7 ¢.c. of 4 normal 
sodium hydroxide was added before replacing the water of evaporation. Under 
these conditions coupling was complete within sixty to seventy minutes. The 
colors developed were stable for at least six hours. 

At a 1:50 dilution, the recovery of added acetylsulfapyridine in a series of 
23 determinations was 92 per cent + 2 per cent, maximum deviation 6 per cent. 
Final values should, therefore, be divided by 0.92. 


SUMMARY 


The hydrolysis of acetylsulfapyridine in acidie and alkaline solutions has 
been studied. Cleavage of both the acetyl and the sulfonamide groupings occurs 
upon acid hydrolysis. The liberated sulfanilie acid after diazotization couples 
much more slowly than sulfapyridine. This retardation in the coupling rate 
causes variable results when the method devised for the determination of 
acetylsulfanilamide is applied directly to the estimation of acetylsulfapyridine. 
Since alkaline hydrolysis does not cleave the sulfonamide grouping, this retarda- 
tion in the coupling rate may be eliminated. 

An alkaline hydrolysis gave a recovery of 103 per cent (+2, maximum devia- 


tion 5 per cent) of acetylsulfapyridine added to urine. In blood, 92 per cent 
(+2 per cent) of added acetylsulfapyridine was recovered by using an acid 
hydrolysis. 
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THE DETERMINATION OF ACETYLSULFAPYRIDINE. 


11* 


JoHN V. Scupt AND Harry J. Ropinsox, Ranway, N. J. 


ECENTLY Marshall’ modified his original procedure? by replacing the 
alcoholic alpha dimethylnaphthylamine with a superior beta component, 
N-(1-naphthyl) ethylenediamine dihydrochloride. The new method was applied 
to the determination of sulfapyridine, but not to that of acetylsulfapyridine. 
Since studies in our laboratories* * required a method for the estimation of this 


latter substance, Marshall’s method has been applied to the estimation of 
acetylsulfapyridine. 

It has been shown’ that in dilute solution acid hydrolysis of acetylsulfa- 
pyridine produces cleavage of both the acetyl and the sulfonamide groupings. 
The sulfanilie acid so liberated couples with alcoholic alpha dimethylnapthyla- 
mine much more slowly than sulfapyridine. Consequently, if readings are 
taken ten to fifteen minutes after coupling, as in the determination of acety]- 
sulfanilamide, appreciable errors are introduced, 


The use of N-(1-napthyl) ethylenediamine dihydrochloride circumvents 
these rate-retarding factors in a satisfactory, practical way. Under the condi- 
tions standardized by Marshall, the coupling of diazotized sulfapyridine to the 
new beta component is complete within one minute. Complete coupling required 
five minutes when the hydrochloric acid was increased from 0.2 to 0.8 normal, 
and three minutes were required when the sulfapyridine was replaced by 
sulfanilie acid. While these are marked retardations in rate, they are of no 
technical significance, insofar as the performance of the test is concerned, since 
the time required for complete coupling is short in either case. 

With this newer and more sensitive component, the extension of Marshall’s 
method to the determination of acetylsulfapyridine in blood and urine involves 
little more than a record of recovery data. 

Blood Determination —At a 1:50 blood dilution, with the Evelyn color- 
imeter with filter No. 540, 100 per cent recovery of added free sulfapyridine 
(4, 8, 14, and 20 mg. per cent) was obtained, confirming Marshall’s data. In 
the determination of acetylsulfapyridine, 8 normal hydrochloric acid was used 
to insure complete hydrolysis. Saponin was omitted in this work. The method 
is essentially that used by Marshall. To 1 ¢.c. of blood containing known amounts 
of added sulfapyridine, 41 ¢.c. of water, and after ten minutes, 9 ¢.c. of 15 per 
cont trichloracetic acid were added. To 10 ¢.c. of the filtrate, 0.5 ¢.c. of 8 normal 
| -droehlorie acid was added, and the tube heated in a water bath for seventy 
» nutes. The reaction mixture was cooled, adjusted to 10 ¢.¢., and diazotized 
»d eoupled by the newer method, viz., 1 ¢.c. of 0.1 per cent sodium nitrite was 
‘ded, and after three minutes, 1 ¢.c. of 0.5 per cent ammonium sulfamate was 


*From the Merck Institute of Therapeutic Research, Rahway. 
Received for publication, September 7 1939. 
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added, After two minutes, 1 ¢.c. of 0.1 per cent N-(1-napthyl) ethylenediamine 
dihydrochloride was added, and the colors were read fifteen minutes after mix- 
ing. 

For added concentrations of 4, 6, 10, and 16 mg. per cent acetylsulfa- 
pyridine, recovery of 96 per cent (+2, maximum deviation, 5 per cent) was 
obtained in a series of 13 experiments at a dilution of 1:50. The final value for 
acetylsulfapyridine is thus obtained by dividing by 0.96. 


Urine Determination.—Comparison of acid and alkaline hydrolysis did not 
show differences in the galvanometer deflections, but on visual comparison a 
yellow cast was observed in many samples hydrolyzed by acid. An alkaline 


hydrolysis was, therefore, used, and a recovery of 100 per cent (+2, maximum 
deviation, 5 per cent) was obtained when 16 normal urine samples to which 
acetylsulfapyridine had been added in concentrations of 20, 25, 30, and 40 me. 
per cent, were treated as follows: 1 ¢.c¢. of urine, 9 ¢.c¢. of water, and 5 ¢.¢. of 8 
normal sodium hydroxide were heated in a water bath for seventy-five minutes. 
The reaction mixture was cooled by dilution to approximately 50 ¢.¢., 6 ¢.e. of 
8 normal hydroechlorie acid were added, and the volume was adjusted to 100 ¢.e. 
Ten cubie centimeters of this hydrolyzed and diluted urine (1:100) were then 


diazotized and coupled as described above. 
SUMMARY 


Marshall’s method for the determination of acetylsulfanilamide, using 
N-(1-naphthyl) ethylenediamine dihydrochloride as the coupling component, 
has been applied to the determination of acetylsulfapyridine. Two variations 
have been introduced ; namely, an increase of acid for the hydrolysis of blood 
filtrates, and an alkaline hydrolysis for urine. Recovery data are recorded. 
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A METHOD FOR RAPID DETERMINATION OF MAGNESIUM IN BODY 
FLUIDS AND SOME PRELIMINARY RESULTS 
ON CLINICAL MATERIAL*® 
Benepier CAassex, Pu.D., Derrorr, Micn. 


a are described in the literature for both the chemical and spee- 
trographic determination of magnesium in biologic fluids. If suitable 
equipment is available, the spectrographic methods have an obvious advantage 


over the chemical methods. The most suitable spectrographic method would 
appear to be the dripping are method described by Thomson and Lee (J. Biol. 
Chem. 118: 711, 1987). An attempt was made to use this method, but so much 
practical difficulty was encountered that it seemed very desirable to work out 
something more suitable for routine determinations. The following simple 
expedient was developed and proved to be eminently satisfactory. 

One or 1.5 ¢.c. of the body fluid were diluted with distilled water to a 
total volume of 15 ¢.c. in a flat bottomed glass tube about 1 inch in diameter 
and 184 inches long. This solution was atomized by a fine glass spray jet 
illustrated in Fig. 1. The fine spray was directed into and on the surface of 
the electrodes of a carbon spark. The pressure for operating the atomizer 
was supplied from an oxygen tank through an ordinary reducing regulator 
whieh latter kept the pressure on the jet constant. The pressure and the jets 
were adjusted so that it took two minutes to spray the entire contents (15 ¢.c.) 
of the glass tube through the spark. An exposure was made on an Eastman 
O—III ultraviolet plate in a small quartz spectrograph while the solution was 
being sprayed through the spark. Under these conditions, with the apparatus 
used, the magnesium 2795.5 line has just the correct range of density for the 
usual concentrations of magnesium in whole blood, blood plasma, cerebro- 
spinal fluid, bile, ete. Of course, these fluids are diluted 10 or 15 times before 
being sprayed, so that, if necessary, a determination could be made by this 
method on 0.25 ¢.c. of original fluid instead of the 1 or 1.5 ¢.e. used in this 
work. 

Calibrating exposures were made on each plate with solutions of mag- 
nesium chloride containing 1 mg., 0.5 mg., 0.25 mg. per 100 ¢.c., respectively. 
A\ first an attempt was made to use manganese as an internal standard, but 
this was not found to be entirely satisfactory, probably due to a large effect 
o! the organic matter on the intensities of the manganese lines. Within the 
usial range of accuracy of biochemical determinations, the intensity of the 
magnesium 2795.5 line did not seem to be seriously affected by the organic 
motter present, although it seemed that much cleaner looking lines could be 


*From the Buhl Memorial Laboratory, Harper Hospital, Detroit. 
Received for publication, April 27, 1939. 
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obtained when organic matter was absent. The density of the 2795.5 line was 
determined with a Hartmann Comparator. The densities for the standard 
magnesium concentrations were plotted against the logarithms of the concen- 
trations. The three points for the standards were always nearly on a straight 
line. These straight lines always had nearly the same slope, although their 
positions varied considerably. Results for the body fluid solutions were used 
only when the density of the lines fell within the range covered by the stand- 
ards. The results so obtained were considered to be absolute values, although 
it is quite possible that although they are relatively correct, they are off 
absolutely, due to the effect of other substances on the magnesium line. The 
values obtained ran higher than those reported in the literature as determined 
by chemical methods. It does not seem possible at present to prove whether 


glass funnel 


Fig. 1. 


this effect is spurious or whether the chemical methods do not show up all 
the magnesium present as might be the case if organically combined, nonionic 
magnesium were present in the deproteinized filtrate used in the colorimetric 
magnesium determinations. It is an interesting speculation to consider that 
such magnesium compounds are present and play an essential role as catalysts 
in the inverse reaction to photosynthesis, the formation of carbon dioxide 
and water from carbohydrates or intermediates. This is in line with the 
large magnesium content of muscular tissue and with the chemical nature of 
chlorophyll. 

Returning to the method, the carbons are cut wedge shaped, with a 
rounded-off edge. If the spray is adjusted so that the rounded-off edges are 
always kept wet by the spray, the same carbons can be used for hundreds of 
determinations. A check run on distilled water will show only the faintest 
trace of a magnesium line, even though the run is directly after a high mag- 
nesium run. If an exposure is taken with no spray, the magnesium lines show 
up intensely after the carbons have been used. However, the spray continual) 
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renews the surface to which the spark strikes, so that solutions that have 
soaked into the carbons previously seem to have a negligible effect even 


though the carbon lines show up strong. 


This method of determining magnesium is very rapid. One operator could 
possibly make 200 determinations a day if that many samples were available. 


The method has been applied in a preliminary way to whole bloods, blood 
plasmas, and cerebrospinal fluids which have been received in the laboratory 
of Harper Hospital. Some trichloracetic acid filtrates were run, but as it was 
found that satisfactory determinations could be made without removing the 
protein, the use of the filtrates was abandoned. All the bloods used were 


oxalated., 
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DIFFERENCE OF LINE DENSITY AND 
BACKGROUND DENSITY AS MEASURED 
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MILLIGRAMS PER 100 CC. OF MG. IN STANDARDS 
TYPICAL CALIBRATIONS 


Fig. 2. 


As determined by this method, the blood plasma values are 3 to 4 mg. 
per 100 ¢.c., while for whole blood we obtain 6 to 7 mg. per 100 ¢.c. The 
generally accepted averages are 2.7 mg. per 100 ¢.c. for blood plasma, and 
4 mg. per 100 ¢.c. for whole blood. As in the chemical determinations, the 
magnesium does not show a high degree of constancy, but fluctuates consider- 
ably. The fluctuation of the spectrographie values does not seem to be as wide 
as that of the chemical values. On about 50 determinations on human bloods, 
no strikingly abnormal values of magnesium content have been found. How- 
ever, the amount of work done so far is very limited. 


On cerebrospinal fluids, which generally contain less magnesium than 
blood plasma, 3 mg. per 100 ¢.c., as determined by this method, is the average. 


One interesting result of 7.5 mg. per 100 ¢.c. was found in the spinal fluid 
of an infant ten months old, brought to the elinie with signs of cerebral atrophy 
and spastic phenomena due to birth anoxia. Aside from the neurologic signs 
of cortical atrophy, which was confirmed by encephalogram, there was cer- 
‘ical lymph node enlargement, and a high serum phosphatase with normal 


caleium and phosphorus levels. 

It is known that magnesium ions activate phosphatase. Whether the high 
luagnesium was responsible for the high phosphatase or vice versa cannot be 
told from the available evidence. This case seems to be the first on record 
© an abnormal magnesium content of the cerebrospinal fluid. 
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A MICRODIFFUSION METHOD FOR THE ESTIMATION OF ACETONE* 


S. C. Wercu, M.Sc., M.D., D.G.0.(Trinrry, Dustin), CHicaco, 


APPARATUS AND METHOD 


determination of varied volatile substances has been 


made simple by the use of a diffusion apparatus devised by Conway and 


Byrne?! in 1933. The apparatus known as the ‘‘Conway unit’’ is on the mar- 
ket.2. The principle back of it, according to the inventors, ‘‘consists in the 
absorption by simple gaseous diffusion of the volatile substance from one 
chamber where it exerts a certain tension into another where its tension is 
zero on the surface of an absorbing fluid.’’ Workers have previously made 
use of the principle, but their technique did not permit reasonably rapid 
results (Durig,® Neuberg*). 

The unit consists of a small dish of fairly thick glass, resembling a Petri 
dish. It is divided into two chambers by a circular wall of glass arising from 
the floor of the dish to about half the height of the outer wall. When in use 
it is covered by a ground-glass plate and sealed with a fixative. 

Since the introduction of the unit, which was associated with a plan for 
the microdetermination of ammonia, other reactants have been studied with 
it: chloride and bromide (Conway and Flood®); urea (Conway®); acetone 
and aleohol (Fearon and Webb‘). A review of the literature is not intended 
here, but it may be mentioned that Professor Conway’s book entitled Quanti- 
tative Analysis by the Micro-Diffusion Method® was recently published. This 
book deals with the procedures developed with the unit, and their various ap- 
plications so far considered. 

The method for the estimation of acetone makes use of the Conway unit, 
and the recognition of acetone by means of Nessler’s solution (Deniges”). 


TECHNIQUE 


In this method for the estimation of acetone one considers the time neces- 
sary to cause precipitation of the Nessler’s solution, and the temperature at 
which the reaction takes place. For accurate results the exact temperature 
and time concerned are important. In this work temperature was fairly well 
controlled by incubation of the apparatus and reagents before using, and a 
stop watch was used to obtain the time. 

The reagents and their amounts are as follows: 2 ¢.¢. of Nessler’s solution, 
3 ec. of unknown, and 1 ¢.c. of dilute acid. The first is introduced into the 
inner chamber of the unit, and the latter two into the outer. The acid is used 


*From the Department of Pharmacology, Medical College of State of South Carolins 
Charleston. 
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to fix any ammonia which may be present in the unknown. The observed end 
point is the appearance of precipitation of the Nessler’s solution at the 
periphery of the inner chamber in the form of threads, like spokes of a wheel, 
or as a cloud. It is that second when the spokes or cloud extend inward 1 
mm. This end point was chosen in order to establish uniformity. To permit 
visibility, a transparent glass plate is used here instead of a ground glass one 
suggested for other methods. 


Fig. 1. 


The procedure followed involved primarily the careful cleaning of the 
units. Careful handling is necessary to avoid chipping of the edges, and 
proper washing eliminates traces of acetone. Chipping spoils the apparatus, 
for it needs to be hermetically sealed, and a trace of acetone would interfere 
with the end point. because of the sensitivity of the Nessler’s solution. After 
washing the units in the usual way with soap and water, it was found best to 
soak them overnight in a large beaker containing weak cleaning solution. 
efore using they were thoroughly rinsed in tap and distilled water, and 
dried after dipping in aleohol and ether. Drying is facilitated when the units 
are placed in the incubator. 

When ready for use, the units with their covers were placed on a table 
spread with black paper (a dark background helps in the reading of the end 
point), and the edges of the outer wall smeared with vaseline. Next the 
reagents are introduced. First the central chamber received the Nessler’s 
-olution, and then the acid was run in, distributing it evenly around the outer 
chamber. The transparent glass plate was next placed to cover the entire 
vnit, except for a small slit, permitting the introduction of the end of the 
)ipette used to run in the unknown. <A stop watch held in one hand, and a 
| pette containing the unknown in the other, is started as soon as the pipette 
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stops flowing freely. The hand hoiding the watch next slides the glass plate 
so that it completely covers the unit as an immediate gesture after starting 
the watch (Fig. 1). When the end point is reached, the stop watch is stopped. 


RESULTS 


The Effect of Concentration.—To study the effect of concentration, dilu- 
tions of *‘specified’’ acetone in distilled water were prepared and incubated at 
16° C. Time readings for these tests, as well as for the others in this paper, 
were repeated and checked by three individuals, in order to eliminate personal 
error, and to observe the influence of practice. Table I shows the average 
readings obtained using dilutions ranging from 1:100 to 1:10,000. Upon 
plotting concentration against time it was observed that a parabolic-like curve 
was formed. Applying the parabolic formula,-and using an average constant, 
obtained by averaging the constants given by several diverse dilutions, com- 
parable figures resulted. Substituting into the parabolic formula our letters, 
the formula t?/D = K resulted, with t representing time, D dilution, and K 
the constant. 


DILUTIONS 
(1:100 = 1% SOLUTION ) (IN SECONDS) 


1: 100 7.0 
250 11.0 
500 14.5 
750 17.5 

1,000 20.0 
: 2,000 26.5 
: 3,000 33.0 


: 5,000 42.0 
: 6,000 48.0 
: 7,000 51.5 
: 8,000 54.5 


: 9,000 58.5 
60.0 


1 
1 
1 
1 
1 
1: 4,000 39.0 
1 
1 
1 
1 
1 


TABLE II 


TEMPERATURE 


1: 100 
1: 1,000 20 
1:10,000 ‘ 60 


The Effect of Temperature.—To study the effect of temperature, dilutions 
of 1:100, 1:1,000, and 1:10,000 were used and incubated at a number of tem- 
peratures. Table II shows the relationship of the time factor in average 
figures obtained with these dilutions at five temperatures, two Centigrade 
degrees apart. A study of this table indicates the regularity in the relation- 
ship between temperature and time. This regularity has been incorporated 
in the following formula, which includes concentration, temperature, and time: 


179 t? 
dD = —————. where D = dilution, t — time, and © — temperature. 


(24 0)? 


TABLE I . 
13 11 
47 32 
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Fig 


DILUTION 


Fig-3 
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The Effect of Colloids.—Ox blood and milk were used to study the effect of 
‘olloids. Dilutions of these fluids were made as in the above experiments, and 
‘ested in the same way. Proportions of acetone in them gave time readings, 
vith changes in concentration and temperature, similar to those obtained by 
he same proportions of acetone in water. 
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DISCUSSION 


Kach of the time values given in the tables in seconds is the average of 
six to ten readings by three observers, for which the total variation is not 
more than three seconds. The relative deviations naturally are smaller for 
the slower times. 

In Fig. 2 the average reading obtained for known dilutions ranging be- 
tween 1:100 and 1:10,000 at 16° (. are indicated by small circles near the 
parabola drawn for the equation t? = 0.35 D. The straight line in this figure 
shows the same relationship when the square of time is plotted against dilu- 
tion. The actual readings are similarly indicated near to the straight line. 


NOMOGRAPHIC CHART 


DILUTIONS of ACETOWE 


t? 
D- 


Fig. 4. 


In order to determine whether a constant factor for temperature exists, 
similar graphs were made for results at temperatures from 12° to 20° €. 
The slopes of these lines, expressed as tangents, are given with their corre- 
sponding temperatures in Table III. These values also fall along a parabola, 
as shown in Fig. 3. The parabola in this figure is drawn for the equation 
A* = 179 tan y, and the straight line expresses the same relationship, values 
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of 1° beine used as ordinates. 
plotted for the values in Table III, of tan y = t?/D, and 1, equal to the dif- 
ference between 24° C. 
combined equation, expressing the relationship between dilution ratio, time 
179 t* 
(24° @)? 


The points indicated by small circles are 


and the observed temperature of the reaction. The 


in seconds, and temperature in degrees Centigrade, then, is PD 


It is evident from this equation that as the temperature approaches 24° 
is 


(., the reaction rate becomes immeasurably fast. The temperature 20° C. 


the highest at which, up to the present time, it has been found possible to 


obtain concordant results. 


TABLE ITI 


0 a= TaN = K = 


(DEGREES ©.) 24° -@ t2/p 2/TAN ¥ 
12° 144 O81 178 
14° 10° 100 0.56 179 
16° G4 O36" 178 
18° 6° 36 0.20 180 
2° 4° 16 0.09 178 


*The value 0.36 is the average ratio for times longer than twenty seconds. 


In order to facilitate rapid estimation of dilution ratios, a nomographie 
chart has been constructed, and is shown in Fie. 4+. A black thread or, better, 
a straight line ruled on a strip of transparent material may be used in align- 


ing the corresponding quantities. The broken line in the figure connects the 
time, 19 seconds, and the temperature, 16°, and cuts the D seale (dilution 
ratio) at 1,000. 

The empirical constant, 179, does not represent a high degree of precision, 


but it may vary by several units without seriously affecting the results. The 


analytical procedure, which has been described, is suitable for the rapid 
estimation of small concentrations of acetone, and is sufficiently exact within 


the range of concentrations in which this substance is encountered in physio- 


logie materials. 


CLINICAL APPLICATION 


Fairly accurate results may be obtained by permitting the units and 
reagents to stand at room temperature, and using it in the proper formula or 
in the nomographic chart. Until this method will have received adequate 
testing by others, temperatures above 20° C. may not be considered practical, 


for the time factor becomes small, introducing greater possible error. At the 


lower temperatures the time readings from three tests may be averaged and 


considered sufficient. 

The skill necessary to establish uniformity, and to permit reasonably 
apid results, is developed with very little practice. Once the end point is 
bserved it is easily remembered, and if the precautions indicated under 
echnique are carried out, no difficulty should be encountered. 

A considerable number of specimens of urine and blood, normal and 
pathologic, have been examined by this method. These tests indicate that 
ormal blood and urine contain free acetone in minute amounts, for precipi- 
‘ition of the Nessler’s solution occurred only after hours and in a very thin 
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film. Whenever acetone was present in pathologie quantities, reasonable time 
readings were obtained. It may be interesting to note that in a number of 
cases of diabetes mellitus, with clinical evidence of deep acidosis, the time 
readings obtained at 16° C., with blood samples, were around one minute. 
This represents a dilution of about 1:10,000. One of these cases died the day 
after the examination. 

CONCLUSIONS 


1. A microdiffusion method for the estimation of acetone which may be 
applied to biological fluids is described. 

2. This method lends itself to clinical application due to its simplicity and 
rapidity of action. 


I am grateful to Professor Horatio Hughes, of the College of Charleston, for his assistance 
in the derivation of the general formula and the formation of the nomographic chart. 
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THE USE OF HONEY AS A LEVULOSE TOLERANCE TEST* 


J. B. Greco, M.D., Brazin, S. A. 


HE advent in recent times of various specific methods for the determina- 

tion of blood levulose make possible the study of levulose tolerance test 
with greater accuracy than by determining the total blood sugar as it was 
done before. 

Such specific methods for the determination of blood levulose are based 
on the color reactions of this sugar with diphenylamine, [hl and Perchmann’s 
reaction; with resorcinol, Selivanoff’s reaction; or with sodium tauroglyco- 
cholate, according to Scott. 

In 1927 Kronenberger and Radt! proposed a method for blood levulose 
determination, starting from Selivanoff’s reaction. In the same year, van 
Creveld? presented a new method, this time based on the reaction with 

*From the Department of Biochemistry, School of Medicine, University of Minas Gerais 


Belo-Horizonte, Brazil. 
Received for publication, March 3, 1939. 
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diphenylamine. This method was the object of various modifications which 


aimed to make it more accurate.*** 


The utilization of resorcinol in the methods of blood levulose determina- 
tion has been less explored. Besides Kronenberger and Radt, only Roe’ 


thought of this possibility. Roe’s method,’ which we had occasion to employ 


in the present work, offers many advantages over the others, by its sim- 


plicity, rapidity, and great specificity. With reference to this last cited ad- 


vantage, we carried on various tests which confirmed this quality. 
Scott’s method,” based on the color reaction with sodium tauroglyco- 


cholate, though accurate, has some serious difficulties: it requires 5 ¢.c. of 


blood and takes considerable time and work. 


IS 
INS 


SS 


Mg. levulose per cg, 


60 Minutes 120 


Fig. 1. 


During the execution of this present work a new modification of the 
diphenylamine method was published by Herbert,’® which eliminated many 


causes of error in the similar methods, and made this one more practical and 


speeifie,. 

Baeta Vianna,'' Professor of Biochemistry at the University of Minas 
Gerais, Brazil, suggested to us the carrying on of levulose tolerance tests but 
sing, instead of levulose itself, honey which contains 40 per cent of this 
elucide* From determinations which we made with honey, obtained from 
various sources, we showed that there is always present at least 40 per cent 


levulose. 

Method.—We made the tests on 10 normal persons, all students, in the 
' \lowing way: In the morning, after at least eight hours of fasting, 100 gm. 
‘ honey were taken (equal to 40 gm. of levulose), followed by a glass of water. 
! ‘ood was taken before the intake of honey, and at intervals of one, two, and 
tree hours after taking the honey. Levulose was determined according to 
1\.e’s method.* Incidentally we determined also the total blood sugar in 5 


mae 

| 
160 
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of our patients. The determination was made by the Hagedorn-Jensen method. 
In these 5 cases we secured blood before the intake of honey and at the end 
of the first half hour, and the first, second, and third hours. The glycemic 
curve was calculated by the difference. The results are summarized in Table I. 


TABLE I 


MG. PER 100 BLOOD 
TOTAL SUGAR LEVULOSE. GLUCOSE 
“HOURS AFTER INGESTION | HOURS AFTER INGESTION | HOURS AFTER INGESTION 
1: 1 | 2 
87119 80} 80 | 0 | | 7 | 73.5 


87 | 110 69 | 69 0 102.5 | 87.5 | 64 
85 | 110 79 | 76 0 


102 87 74 
92 | 122 ss 7 0 117 86 | 84 
140 8s |} 0 


38 121.5 | 82 


SUBJECTS | 


~t 


RESULTS 


In fast the levulose of the blood is zero; an hour later figures showing 
between 6 and 11 mg. per cent were obtained; in the second hour, 4.0 and 
9.5 me. per cent; in the third hour, 2 and 4 me. per cent. Table I] and Fig. 
1 show all the figures obtained. 


TABLE IL 


MG. LEVULOSE PER 100 ©.c. BLOOD 
SUBJECTS HOURS AFTER INGESTION 


~ 


] 
8 
8.5 


MH 


Our values are like those of Scott.’* They are somewhat different from 
those of Stewart and his co-workers’ owing to the difference in methods 
employed. They used the method of Patterson,’ which, according to Her- 
bert,'’ furnishes high values in levulose, due to the interference of glucose. 
Scott,’ as well as Stewart and his associates,’4 used pure levulose in their 
investigation. 

CONCLUSION 


The employment of honey (for the levulose that it contains) as a levulose 
tolerance test. from the curves for levulose obtained and given the figures. 
identical with those of Seott,’* when he used pure levulose, suggests its em- 
ployment as a liver function test, instead of the use of pure levulose, whic! 
deserves our attention at the present and whose results will be published soon. 

The advantages of the employment of honey as a levulose tolerance test 
are numerous. The greatest is its low price: the quantity of honey for a tes! 
is about 30 times cheaper than pure levulose (Brazil prices). Besides this, 


7.5 
2 65.5 
3 73 
4 | 76 
5 81 
i 
0 | 
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in the tests made, in no case was there evidence of vomiting, nausea, or diar- 
rhea, which is customary in the use of levulose.'” Therefore, it is customary 
to demand the very purest levulose to avoid intestinal phenomena which may 


be produced by the presence of impurities. Honey gets around this difficulty, 


because the dose administered is quite well tolerated by the individual. 
SUMMARY 


1. The literature was reviewed with reference to methods of determining 
the levulose in the blood. 

2. Curves for levulosemia were obtained from 10 normal individuals after 
the intake of honey. 

3. These findings suggest the use of honey as a levulose tolerance test for 
the examination of hepatic function. 


I wish to thank Professor J. Baeta Vianna for his advice, and for the possibility he 
granted me of accomplishin: this piece of work. My thanks are extended to Prefessor C. A. 
taker and my wife who helped me in the translation of the text from Portuguese into English. 
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UNIFORMITY IN THE DIFFERENTIAL ENUMERATION OF 
LEUCOCYTES* 


L. J. Kuorz, Pu.D., OKLA. 


renga techniques of making the differential count have been advocated. 
Although most authorities agree that the counting of every leucocyte on 
a cover slip preparation is the ideal method, this is much too cumbersome for 
clinical work. Therefore, smears are commonly made on glass slides and, after 
staining, the percentage of each leucocyte is determined. Gradwohl! reeom- 
mends counting 100 to 200 leucocytes by the four-field meander method since 
large cells tend to accumulate near the margins of the smear. Todd and San- 
ford® specify the counting of 500 to 1,000 cells for accuracy but state that 300 
cells are sufficient for approximate results. They also regard it as imperative 
that cells in all parts of the smear be counted, but they give no method of 
sampling. Kolmer and Boerner® recommend counting 100 cells if the total 
white count is 10,000 or less; 200 cells if the total count is between 10,000 and 
15,000, and correspondingly larger numbers as the total count increases. Cum- 
mer* specifies the counting of 250 cells at least and adds that representative 
areas from the preparation should be chosen. Kilduffe® states that the counting 
of 200 cells is sufficient for ordinary purposes and that a differentiation of 
cells within the counting chamber is not a practicable procedure due to diffi- 
culties in the preparation of a staining and diluting fluid in one. 

In an attempt to determine the relative values of these techniques of dit- 
ferential counting, a series of experiments was performed in which each techi- 


nique was used in counting the same blood sample and the results compared. 


EXPERIMENTAL 


Counting Chamber Diluting Fluid.—Preliminary trials using various con- 
centrations of crystal violet, safranine, methylene blue, and brilliant green in- 
dicated that erystal violet was taken up preferentially by the leucocyte nucleus 
to a greater degree than the other dyes used. Preliminary experiments indi- 
cated also that concentrations of acetic acid of from 1 per cent to 50 per cent 
were satisfactory as diluting fluids with these dyes. For the purpose of this 
work a 0.2 per cent solution of methyl violet 3 B in 1 per cent acetic acid was 
used, and pipettes were shaken for three minutes in the Kahn shaker at 150 
oscillations per minute. This stain enables a differentiation of polymorphonu- 
clears from lymphocytes with fair accuracy but makes no differentiation be- 
tween types of polymorphonuclear leucocytes. 

*From the Department of Student Health, Southwestern State College, Weatherford. 

Received for publication, May 15, 1939. 
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Blood Specimens and Smears.— Blood was obtained by venous puncture and 
oxalated with 2 mg. potassium oxalate per cubie centimeter of blood. Smears 


were prepared at once on slides using a spreader slide made as follows: A 


block of wood about 115 inches thick was cut in the form of a right triangle 


4 inches on a side. A wide notch, parallel with the long dimension and about 


14 inch deep, was then cut in one side (the base), and a similar noteh in the 


hypotenuse. Thus, when the block was placed on a flat surface and a slide 


placed in each notch, the two slides form a 45° angle with each other. Upon 


sliding the block along a flat surface, the slide on the hypotenuse traverses the 


surface of the lower slide, maintaining a constant angle and constant pressure. 
In practice, it was found desirable to hold the slide on the hypotenuse to the 


block with a rubber band. 


By means of this spreader and definite amounts of blood, it is possible to 


prepare nearly uniform smears. In the data reported in this paper, 0.01 ec. 


of blood was used for each preparation. 


Methods of Enumeration.—Smears were prepared stained with 
Wright’s stain in the usual way. A counting chamber (Spencer Bright Line) 
was filled at the same time, using the diluting fluid deseribed above. <A differ- 
ential count from the counting chamber, made with the high, dry lens, was eom- 
pared with those obtained by the four-field meander method and by ordinary 
random selections. 


In the tables presented the *‘random method’’ refers to the counting of 
cells from one side of the preparation to the other and back until the required 
numbers were counted. No cell was counted twice in this technique. In the 
four-field meander method, the first 25 cells seen at each corner of the slide 
were recorded and totaled for the 100 cell count: a different area was then 
chosen for the 200 cell count. Figures for 300 cells by this method represent 
the arithmetic mean or average of the 300 different cells. 


TABLE I 


DATA OBTAINED FROM BLOop SAMPLE A 


| NEUTRO-| SMALL | LARGE | MONO- | EOSINO- | BASO- 


NO. povabors METHOD | PHILE | LYMPHO- | LYMPHO- CYTE PHILE PHILE 
% CYTE % | CYTE % % % % 
1 100 Random 61.0 29.0 70) | 
2 | 100 Random | 59.0 35.0 3.0 2.0 0.0 | 1.0 
> | 100 Random 60.0 | 33, 3.0 3.0 10 
4 100 Random 61.0 33.0 3.0 2.0 1.0 0.0 
5 100 Random 58.0 | 41.0 1.0 0.0 00 86} 0.0 
6 | 100 Random 52.0 39.0 | 7.0 2.0 0.0 0.0 
. 100 Random | 61.0 | 28.0 8.0 2.0 1.0 0.0 
8 100 Four-field | 64.0 | 31.0 1.0 3.0 0.0 1.0 
9 200 Four-field 60.0 31.5 4.5 25 1.0 0.5 
10 134 Chamber | 69.7 | 266 | 3.8 0.0 0.0 | 0.0 
11 | #139 | Chamber 67.8 | 266 | 3.4 21 | 00 | 00 


Table I shows the differential enumeration for 7 random leucocyte counts 
-f 100 cells each, two four-field meander counts comprising a total of 300 cells 
ind two chamber counts of 134 and 139 cells, respectively, on blood sample A. 
fandom count No. 6 was made near the outer margin of the smear. 
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For convenience in comparison, averages and medians are grouped in 
Table Il. The median represents the figure on each side of which half the 
values fall. In computing the counting chamber average, equal weight was 
given each chamber. 
TABLE II 


COMPARISON OF DATA FROM BLoop SAMPLE A 


NEUTRO- | SMALL LARGE MONO- EOSINO- BASO- 

METHOD PHILE  LYMPHO- | LYMPHO- CYTE PHILE PHILE 
% CYTE & | CYTE &F % 
700 Random average 58.8 34.0 4.6 0.1 
700 Random median 60.0 33.0 3.0 0.0 
100 Four-field average 64.0 31.0 1.0 1.0 
200 Four-field average 60.0 0.0 

3 


NO. OF 
CELLS 


300 Four-field average 61.5 31. 0.6 


273 Chamber GS.S P66 0.0 


mictc 


There are 21 possible combinations of the 7 random counts of 100 cells, 
taken two at a time. The average values for these combinations, together with 
the average values for the 35 possible combinations of these 7 counts taken 
3 at a time, are shown in Table III. All values are stated in terms of signifi- 
cant figures. 

Table IV shows the range between the lowest and highest value for 100 
cells and all possible combinations of 200 and 300 cells by the random method 
for neutrophiles, small and large lymphocytes. The standard deviation (S. D.) 


is computed from the formula: 


S.D. = V 


where ed? is the sum of the squares of the deviations from the arithmetie mean 
and n is the number of values. The probable error (P.E.) is computed from 
the formula: 

P.E. = 0.67449 

It is apparent from Table IV that the range, standard deviation, and 
probable error decrease as the number of cells counted increases but that it is 
necessary to count 300 cells in order to approximately halve the values obtained 
by counting 100 cells. 

A comparison of data from Table II shows that the neutrophile per 
centage of 106 cells counted by the four-field method is within the range of 
random 100 cell counts but that the deviation from the mean is greater than 
one 8.D., i.e., 68.26 per cent of all random 100 cell counts should show as good or 


better accuracy. In faet, errors as great as 5 per cent should oecur only about 
10 per cent of the time, indicating that this count is not as good as 90 per cen! 


of random counts. 

In counts of 200 cells by the four-field method, a deviation of 1.2. for 
neutrophiles, as compared with the standard deviation of 1.9 and the probable: 
error of 1.3 for random 200 cell counts, indieates that about 50 per cent of al! 


random counts should show the same accuracy. 
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TABLE IIT] 


AVERAGE VALUES FoR ALL COMBINATIONS OF 200 AND 300 LEUCOCYTES BY TILE RANDOM METHOD 


NEI ONOCYTE  EOSINOPHILE BASOPHILE 
NEUTROP MONOCY TE SOSINOP iE sASOP 

A CYTE % CYTE 


RANDOM COUNT 


0 
0 
0 
5 
0 
0 


60.0 


‘ 
- 
- 
‘ 


St Gt be be SS 


— 1S 


— 


~ 


SS 


— 1D 
“1-1 


32.0 25 0.0 05 
31.0 3.0 0.5 0.0 
1, 4 61.0 31.0 25 0.5 0.0 
1, § 35.0 1.5 0.0 0.0 
1, 6 DH. 34.0 25 0.0 0.0 
1.7 61.0 PS 5 0.5 0.0 
23 50.5 34.0 2.5 0.5 O95 
2, 4 60.0 2.0 0.5 
5 585 38.0 1.0 0.0 0.5 
2 6 55.5 37.0 A) 20 0.0 0.5 
t 2 7 60.0 31.5 5 2.0 0.5 0.5 
3,4 0 2.5 1.0 0.0 
3. 5 59.0 37.0 0 1.5 0.5 0.0 
3, 6 56.0 36.0 0 25 0.5 0.0 
3 60.5 305 5 25 1.0 0.0 
37.0 1.0 0.5 0.0 
1, 6 565 36.0 20) 0.5 0.0 
O10 30.5 2.0 1.0 0.0 
5. 6 55.0 40.0 0 1.0 0.0 0.0 
5. 7 39.5 34.5 5 1.0 0.5 0.0 Pp 
6,7 56.5 33.5 5 20) 0.5 0.0 o 
60.0 4.3 0.3 03 
1, 2, 4 60.3 32.3 ‘3 2.3 03 03 
0.0 
i, a 0.3 0.0 
1, 6.0 2.7 0.7 0.0 
i. 0.3 0.0 
3.7 0.3 0.0 
6.0 0.7 0.0 
5.0 0.0 0.0 
5.3 0.3 0.0 
0.0 
On 
0.33 
0.5 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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TABLE IV 


STATISTICAL SUMMARY OF RANDOM CoUNTS FROM BLOOD SAMPLE A 


NEUTROPHILES SMALL LYMPHOCYTES LARGE LYMPHOCYTES 


NO. OF CELLS IN 
100 | 9.0 
200 6.0 
300 44 | 


No significant comparison ean be made between random 300 cell counts and 
the four-field average, since the error shown in the 100 cell four-field count is 
carried over into the average for that technique. 

The 10 per cent neutrophile deviation in the counting chamber method is 
not only outside the range of all random cell counts but since the ratio of the 
deviation to the standard deviation of the 200 cell count is approximately 5, 
the odds against this great a deviation in random counting are at least 1.7 x 
10° to 1% It may be noted, however, from Table IL that the sum of neu- 
trophiles and small lymphocytes approximates a similar summation from 
random counts, thus indicating mistaken identification rather than improper dis- 
tribution. 

The close agreement of the median and mean in Table IL would indicate that 
700 cells represents a thorough sampling of the slide and that the arithmetic 
mean is, therefore, close to the true value. 

Random count No. 6, made at the margin of the smear, does not indicate 
that large cells tend to accumulate near the margins. 

Table V shows the differential enumeration of 10 random counts of 100 cells 
each, two four-field meander counts comprising a total of 300 cells and one 
chamber count of 189 cells on blood sample B. Random count No. 10 was 
made at the margin of the smear. For convenience in comparison, averages and 
medians are grouped in Table VI, and a statistical summary is shown in Table 
VII. In the preparation of Table VI", 45 possible combinations of the 10 
‘andom counts taken two at a time were averaged as were 120 possible combina- 
tions of the 10 random counts taken three at a time. Calculations were made as 
explained for Tables IIT and IV. 


TABLE V 


Data OBTAINED FroM BLoop SAMPLE B 


aaa NEUTRO- | SMALL | LARGE MONO- EOSINO- | BASO- 
METHOD PHILE | LYMPHO-| LYMPHO- CYTE | PHILE PHILE 
% CYTE % | 'XYTE % % 
100 Random 56.0 35.0 5.0 2.0 j 1.0 
100 Random 52.0 47.0 1.0 
100 Random 59.0 38.0 2.0 
100 Random 59.0 38.0 3.0 
100 | Random 54.0 40.0 5.0 
100 | Random 58.0 41.0 1.0 
100 | Random 48.0 49.0 2.0 
100 =| Random 48.0 | 48.0 2.0 
100 Random 50.0 48.0 2.0 
100 Random 35.0 61.0 1.0 
100 Four-field 63.0 34.0 0.0 
200 | Four-field | 49.0 48.5 1.0 
189 | Chamber 56.5 36.6 | 4.8 | 


Swi 


bo 
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| P.E. S.D. P.E. 
| 25 | 1.7 
| 1.6 1.1 
| 14 | 0.8 
NO. | 
1 
| 
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TABLE VI 


COMPARISON OF Data FROM BLOOD SAMPLE B 


| NEUTRO- | LARGE | MONO- | EOSINO- BASO- 

METHOD  PHILE LYMPHO- CYTE PHILE PHILE 
% % CYTE % % % 
1000 | Random average 519 | 44.5 | 2.4 1.0 0.1 O01 
1000 Random median 53.0 44.0 2.0 1.0 0.0 0.0 
100 Four-field | 63.0 34.0 0.0 3.0 0.0 0.0 
200 Four-field 49.0 48.5 1.0 1.0 05 | 0.0 
189 Chamber D6.5 36.6 4.8 2.2 0.0 0.0 


TABLE VII 


STATISTICAL SUMMARY OF RANDOM CouNTS FROM BLOOD SAMPLE B 


| NEUTROPHILES _ | SMALL LYMPHOCYTES | LARGE LYMPHOCYTES 
COMBINATION P.E. S.D. 1 P.E. 


100 24.0 | 69 46 | 260 7.3 49° 4.0 | 1.0 
200 17.5 | 4.6 3.1 19.0 5.0 ae) 4.0 10 | 0.6 
300 5. 7 


It is apparent from Table VIL that the range, standard deviation, and 
probable error are inversely proportional to the number of cells counted, al- 


though the values show much greater deviation than those from blood sample <A. 
In order to halve the probable error of this 100 cell count it is necessary to count 
300 cells. 

Table VI shows that in the case of neutrophiles, the four-field method differs 
from the mean by 11.1 per cent for 100 cells and by 2.9 per cent for the 200 
cell count. The ratio of the deviation to the probable error indicates that a 
deviation this great should occur only 11 per cent of the time by random count- 
ing, while the deviation of the 200 cell count by the four-field method is well 
within the limits of the probable error, i.e., this count exeeeds 50 per cent of all 


random counts in accuracy. 


The chamber method shows a deviation from the mean of 4.6 per cent for 
nearly 200 cells counted and thus is just within the value of S.D. for 200 cells 


by the random method, i.e., it is as good as about 68.23 per cent of all random 
counts of 200 cells, 


Close agreement between median and mean again indicates that the mean 
is probably near the true value. 


Random count No. 10, made at the margin of the smear, does not indicate 
that large cells tend to accumulate near the margins. This is in accordance with 


‘he finding in blood sample A. 

Tables VIII, XI, and X show data obtained and calculated exactly as for 
ables V, VI, and VII, except that a third blood sample (sample C) was used. 
Random count No. 10 was made at the margin of the smear. 

The data contained in Tables VIIT, TIX, and X show that in this ease the 
ange, standard deviation, and probable error again decrease as the number of 
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TABLE VIII 
Dara OBTAINED FROM BLoOop SAMPLE C 


NEUTRO- SMALL LARGE MONO- KOSINO- BASO- 
METHOD PHILE LYMPHO- | LYMPHO CYTE PHILE PHILE 


CYTE YF | CYTE G % % % 


NO. OF 
CELLS 


100 Random 2. 50.0 7.0) 1.0 0.0 0.0 
100 Random 4.0) 0.0 0.0 0.0 
100 Random ol. 45. 4.0 0.0 0.0 0.0 
100 Random : 2.0 1.0 0.0 0.0 
100 Random Ss. 9, 2.0 1.0 0.0 0.0 
100 Random 3.0 1.0 0.0 0.0 
100 Random 10 0.0 0.0 
100 Random s. 5. 6.0 1.0 0.0 0.0 
Random 0.0 0.0 
Random Do. 2. 00 0.0 0.0 
Four-field 3. 53. 2; 2.0 0.0 0.0 
Four-field 48, 0.0 0.0 0.0 
Chamber D4. 40.3 a 0.0 0.0 0.0 
Chamber a2. 46.2 J 0.0 0.0 0.0 


TABLE IX 


COMPARISON OF DATA FROM BLoOop SAMPLE C 


NEUTRO- SMALL LARGE MONO- EOSINO- BASO- 
METHOD PHILE LYMPHO- | LYMPHO- CYTE PHILE PHILE 
CELLS CYTE % YTE 9 % 
1000 Random average 48.1 48.0 3. Af 0.0 0.0 
1000 Random median 48.0) 47.0 a ek 0.0 0.0 
100 Four-field 43.0 53.0 », 2, 0.0 0.0 
200 Four-field 48.0) i 0.0 0.0 
300 Four-field 18.33 49,7 0.0 0.0 
248 Chamber 53.0 43.4 0.0 0.0 


TABLE X 


STATISTICAL SUMMARY OF RANDOM CoUNTS FROM BLoop SAMPLE C 


NEUTROPHILES | SMALL LYMPHOCYTES LARGE LYMPHOCYTES 
NO. OF CELLS IN| 
100 


200 
300 


cells counted increases. Likewise, it is necessary to count 300 cells in order to 
approximately halve the value of S.D. obtained for 100 cell counts by the 


‘andom method. 

The deviation of the 100 cell count for the four-field method is 5.1 for 
neutrophiles and a deviation this great should occur in only about 27 per cent 
of random 100 cell counts. 

In the 200 cell count by the four-field method, neutrophiles deviate 2.9 from 
the mean, a deviation which should oceur in only about 34.5 per cent of the 
random 200 cell counts. 

In the chamber counts, the average value shows a deviation of 4.9 fo: 
neutrophiles from the mean, and only about 10 per cent of 200 cell counts by 
the random method should show this great a deviation. 
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TABLE XI 


DATA OBTAINED From BLoop D 

NEUTRO- | SMALL | LARGE | MONO- EOSINO- BASO- 

METHOD | PHILE LYMPHO- |) LYMPHO- CYTE PHILE PHILE 
Random 63.0 | 28.0 5.0 3.0 1.0 0.0 
Random 59.0 od. 2.0 3.0 1.0 0.0 
Random 66.0 31. 3.0 0.0 0.0 0.0 
Random 60.0 32. 8.0 0.0 0.0 0.0 
Random 61.0 | 32. 5.0 20 0.0 0.0 
Random 8.0 37. 4.0 1.0 0.0 0.0 
Random 55.0 a; 1.0 0.0 0.0 
Random 41. 2.0 0.0 0.0 
Random D0.0 44. 1.0 1.0 0.0 
Random 52.0 41. 3 3.0 0.0 0.0 
Four-field 65.0 1.0 0.0 0.0 
Four-tield 58.5 38.; 1.5 0.0 0.0 
Chamber 58.3 38.! 3. 0.0 0.0 0.0 
Chamber 64.4 8 0.0 0.0 0.0 


St 


ic— 


TABLE XII 


COMPARISON OF DATA FROM BLoop SAMPLE D 


NO. OF NEUTRO- SMALL LARGE MONO- EOSINO- BASO- 
pickets METHOD PHILE LYMPHO- | LYMPHO- CYTE PHILE PHILE 
CELLS % CYTE % CYTE 

1.6 0.0 
3 5 0.0 
0.0 
0.0 
] 


1,000 Random average DS.1 
1,000 Random median DS.5 
100 Four-field 65. 
200 Four-field 
300 Four-field 60, 
397 Chamber 61.3 


0.0 
0.0 


» 


TaBLE XIII 


STATISTICAL SUMMARY OF RANDOM CoUNTS FROM BLoop SAMPLE D 


NEUTROPHILES | SMALL LYMPHOCYTES LARGE LY MPHOCYTES | 
COMBINATION S.D. .E. | §.D. PE. | S.D. P.E. 
100 16.0 3. | 7.0 | 2.0 1. 
200 13.0 2. 3.6 | oS | 0.9 
300 | 10.6 : 4.3 io | 67 


The close agreement between median and mean would indicate that the 
arithmetic mean closely approaches the true value. 

In this instance, a random count near the margin of the smear indieates the 
accumulation of neutrophiles near the margin. 

Tables XI, XT, and XIII show data obtained and caleulated exactly as for 
Tables V, VI, and VII, except that a different blood sample (sample D) was 
ised. Random counts Nos. 2 and 3 were made at the margin of the smear. 

The data contained in Tables XI, XII, and XIII show that the range, 
~andard deviation, and probable error vary inversely with the number of cells 
counted for random counts. In order to approximately halve the value of P.E. 
‘or 100 cell counts, it is necessary to connt 300 cells. 
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The 100 cell four-field count for neutrophiles deviates 6.9 per cent, and 
the 200 cell count by this method deviates 0.4 per cent from the mean. Only 


13.78 per cent of random 100 cell counts should show this great a deviation 


(6.9 per cent), while the 200 cell count is well-within the value of P.E. for 


neutrophiles, 


The chamber method shows a deviation of 3.2 per cent for neutrophiles. If 


300 cells had been counted by this method, only about 18 per cent of all random 


counts should have exceeded this error, Since nearly 400 cells were counted, we 


should expect even less accuraey as compared with random 400 cell counts. 


Close agreement of the arithmetic mean and the median again indicates that 


the arithmetic mean closely approximates the true value. 


Random counts No, 2 and No. 3 in Table XI do not show accumulation of 
large cells at the margin of the smear in both instances. 


DISCUSSION OF RESULTS 


If the neutrophile values of the first 700 cells from samples A, B, C, and D 
are averaged and compared with the median, the average (arithmetic mean) 
of 1,000 cells, and the total white blood cell count, the data shown in Table XIV 
are obtained. 


TABLE XIV 


DIF FERENCE TOTAL LEUCO- 


| DIFFERENCE 


MEAN 1,000 MEAN 700 
SAMPLE : FROM FROM | CYTE COUNT 
CELLS : CELLS 
MEDIAN MEDIAN PER C.MM. 
A | | 58.8 12 6,825 
B 51.9 1.1 55.1 2.1 9,450 
Cc 48.1 0.1 47.5 0.7 6,200 
58.1 0.4 60.4 2.3 9,925 


From these data it would seem that if we assume 1,000 cell values to repre- 
sent the true values, the counting of 700 cells is not sufficient for absolute 
accuracy. It is also evident that the higher the total count, the greater the 
deviation of values based on enumeration of 700 cells. 


No agreement is evident between samples as to the types of cells found 
in preponderance near the margins of the smear. Counts made near the margins 
do seem to deviate to a greater degree, however, than those nearer the center of 


the smear. 

Ratios of the deviation of four-field meander counts to the probable errors 
or standard deviations are used to calculate the probability of occurrence of a 
similar deviation in random counts of the same number of cells.°. The probable 
percentage of such deviations in random counts are summarized in Table XV. 


It is apparent in each case that four-field counts of 100 cells are not nearly 
so accurate as random counts. The average of column 3 above, i.e., about 15 
per cent, would indicate that about 85 per cent of all random counts of 100 cells 
should give better values for neutrophiles than four-field counts. 


In four-field counts of 200 cells the accuracy is much greater and averages 
about 58 per cent, thus indicating that only about 42 per cent of random counts 
of 200 cells exceed this technique in accuracy of the neutrophile count. Th« 


if 
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wide divergence of samples C and D, however, indicate that this statement 
should be verified by further data. 

In four-field counts of 300 cells, about 56 per cent of random counts should 
show greater accuracy and, moreover, the wide divergence of results in the four- 
field method both with each other and with the values from 200 cell counts 
would indicate that the sampling is far from satisfactory. 


TABLE XV 


| APPROX. % OF | | APPROX. % OF APPROX. Y OF 
| RANDOM 100 CELL| IRAN 200 ¢ RANDOM 300 
cma 300 CELI CELL COUNTS 
SAMPLE |FOUR-FIELD [COUNTS EXPECTED FOUR FIELD EXPECTED | FIELD EXPECTED TO 
= DEVIATION | 70 SHOW THIS | DEVIATION oe ee | DEVIATION SHOW THIS 
DEVIATION DEVIATION 
DEVIATION 
A 5.2 9 12 30 | 2.5 10 
B 11.1 11 2.9 50 | 18 38 
Cc 5.1 27 | 2.9 34 0.2 100 
D 6.9 =| 14 | 0.4 | 99 | 2.6 28 


Thus, lack of sufficient data prevents the drawing of final conclusions as to the 
reliability of 200 and 300 cell counts by the four-field method, but it is probable 
that the data shown indicate definitely the unreliability of the method. 


Deviations of counting chamber values from the true mean are so great 
as to make this technique as outlined in this paper valueless. However, it is 
possible that a similar technique, using greater magnification, would lessen the 


deviation. 
A comparison of standard deviations for neutrophiles for 100, 200, and 300 
cell counts and total leucoeyte count is shown in Table XVI. 


TABLE XVI 


SAMPLE LEUCOCTTES . SD. 100 | S.D. 200 s.p. 300 
PER C.MM. CELLS CELLS CELLS 
A 6,825 | 3.0 1.9 1.4 
B 9,540 6.9 4.6 3.5 
C 6,200 | 4.6 3.0 2.3 
-- = 4.5 | 3.1 | 2.3 


Apparently there is no connection between total leucocyte count and the 
standard deviation in these eases. Thus, it would seem that 100 cell counts 
would be as accurate for high total leucocyte counts as for low. Here, again, 
however, insufficient data do not permit definite conclusions to be drawn. 

From the data shown, it would seem that 300 cells should be counted in 
smears prepared as outlined in order to obtain a reasonable degree of accuracy. 


CONCLUSIONS 


1. In smears prepared as outlined, the enumeration of 700 to 1,000 cells 
ives nearly true values for the differential count by the random method. 

2. Four-field meander counting is inferior to random counting on the basis 

‘' 100 cell counts and does not seem to be a satisfactory sampling procedure for 

10 or 300 cell counts. 
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3. Differential counting from the counting chamber by the technique out- 
lined seems to be an inaccurate procedure. 

4. In order to reduce deviations to reasonable minima, 3800 cells by the 
random method should be counted, 

5. Further work to determine the effect of the total leucocyte count upon 
the probable error and standard deviation and the reliability of the 200 and 300 
cell four-field method is desirable. 


SUMMARY 


A. statistical evaluation of certain techniques of differential leucocyte 
enumeration has been made. Random counting on uniform smears is shown to 
be at least as accurate as four-field counts of 200 and 300 cells, and more 
accurate than 100 cell counts by the latter method. 


It is shown that reasonable accuracy can be obtained by random counting of 
300 cells in most instances and that the counting chamber technique of differ- 
ential enumeration as described is valueless. 


The author extends thanks to J. Wildey Morrison, technician, Southwestern State College, 
Department of Student Health, for the preparation and enumeration of the blood samples upon 
which this paper is based. 
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MODIFIED TECHNIQUE FOR STAINING CAPSULES OF 
HEMOPHILUS PERTUSSIS* 


Grorck MeL. Lawson, M.D... Dr. CuartorresviLLe, VA. 


N 1905, Wherry! described the use of Wright’s stain in demonstrating a pre- 

viously undescribed capsule surrounding Pasteurella pestis and Pasteurella 
boviseptica, Smears made from young cultures of these organisms showed dis- 
tinet capsules when stained by his method, but direct smears from animal lesions 
failed to reveal this strueture. Churehman and Emenianoff.? evidently un- 
aware of the previous work of Wherry on this subject, redeseribed the method 
and its application to the demonstration of capsules and applied this technique 


to numerous organisms. 

In 1931 an attempt* was made to apply this method to I. pertussis. Small 
areas in slides so stained showed grayish amorphous substance surrounding the 
bacterial cell. In an endeavor to bring out this structure, I had recourse to 
several modifications of the technique and was able to demonstrate a capsule- 
like substance by the following technique : 

The growth of I, pertussis on Bordet medium is taken up on a plat- 
inum loop or a dry sterile throat swab and smeared in a thin film on 

the surface of a scrupulously clean slide. No diluent of any sort is 

used. The films are dried in air, fixed with absolute methyl alcohol for 

one minute, and the slide then covered with 10 to 20 drops of a staining 

solution composed of two parts Wright's stain and one part glycerin, 

freshly made and well mixed. This is allowed to remain for two min- 
utes in contact with the smear, and 20 to 30 drops of distilled water 

are then added and mixed with the stain by the use of a capillary 

pipette. The smear is stained for ten to twenty minutes, rinsed, 

dried, and examined. 

Capsules could not be demonstrated when saline solution or water were 
used as emulsifying agents. The use of unmodified Wright's stain frequently 
vave good results, but not so consistently as the method deseribed. Giemsa’s 
stain, which contains glycerin and is similar in its composition to the author’s 
modified stain, failed to demonstrate capsules. Freshly mixed glycerin and 
Wright's stain appeared to be indispensable in bringing out this structure. 

The best results were obtained by using very young cultures of smooth 
organisms (phase 1), although dissociated organisms (phases 3 and 4) also 
possess capsules. As with all capsule stains, the resnits on any given slide 
were not uniform throughout, and only occasional areas in the stained prep- 
aration showed the capsule to good advantage. Usually where the smear was 
‘hinnest and the polychrome effect of the stain most noticeable, excellent eap- 
sules were seen. Promising areas, pink in color under the low-power objective, 
vere first found, and these areas were examined with an oil-immersion objective. 


*From the Department of Medicine, University of Virginia, Charlottesville. 
Received for publication, May 19, 1939. 
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The foregoing technique has been used by numerous workers, and its effee- 
tiveness in demonstrating capsules of H. pertussis has been confirmed by Shibley 
and Hoelscher,* Evans and Maitland,’ and others.* 

I have never been completely satisfied with this stain and have recently 
re-examined the problem with the idea in view of producing more uniform 
results. Smith’s’ stain has given very excellent results in demonstrating cap- 
sules of practically all organisms in which this structure can be shown by other 
methods. This stain, however, failed to show any capsular material surround- 
ing H. pertussis. It was thought, however, that a combination of the technique 
of fixation used by Smith and my modification of the Wright stain might be 
productive of results. This was found to be true, and a slightly modified stain, 
which has given excellent results, is here deseribed. 


Dry smears are made on the slide as in the previous method. These 
are allowed to dry in air and then covered with a 5 per cent aqueous 
solution of phosphomolybdie acid. This is allowed to remain in con- 
tact with the smear for thirty seconds and washed off completely in 
running water and then washed with methyl aleohol. The staining 
procedure is thereafter the same as in the first method. 
By the use of this stain it was possible to demonstrate capsular materia! 
in much more extensive areas than with the first method. Due to the acid 
fixation, the tinctorial results were somewhat different. Capsular material was 


light sky-blue color, and the organisms themselves were dark blue when crowded, 
and magenta to red when lying in thin areas on the slide. Only in the latter 


situation were capsules stained to best advantage. Both Wright’s stain and 
Giemsa’s stain could frequently be employed with good results following this 
fixation, but the best results were still obtained by the use of the teehnique 
previously given. 

During the course of recent experiments undertaken in the hope of inereas- 
ing the virulence of H. pertussis for mice, I had occasion to utilize a Bordet- 
Gengou base medium with additions of mucin. Several strains of IT. pertussis 
grown on this medium showed considerably increased virulence for mice when 
instilled into the nares according to the technique of Burnet and Timmins* 
or into the larynx by the method IT have recently deseribed.° 

It was also discovered that I/, pertussis, when grown on this medium, 
showed capsules which were larger and more constant throughout all fields than 
with any cultures which had been examined previously. 

The technique of preparing this medium is as follows: 

To the Bordet-Gengou medium, as modified by Kendrick, Miller, 
and Lawson,'® mucin* is added to make from 5 per cent to 8 per cent 

of the final volume. The mucin is best dissolved by grinding the gran- 

ular mucin to a fine powder in a mortar and gradually adding distilled 

water, constantly grinding the resulting sticky mixture until it reaches 

a homogeneous state and the consistency of thick cream. The distilled 

water used in dissolving the mucin is subtracted from that used in the 

agar-salt mixture, and the agar and salt are dissolved in the remainder. 


*Wilson Laboratories Granular Mucin Type 1701-W was used throughout these experi- 
ments. 


| 


LAWSON: STAINING CAPSULES OF HEMOPHILUS PERTUSSIS 


Fig. 1.—A. Capsule stain, original method, rough culture (phase 4) (Xx 3500). B. Cap- 
ile stain, first modification, smooth culture (phase 1) (x 2400). ©. Capsule stain, second 
odification, mucin grown smooth culture (phase 1) (xX 2400). 
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The two solutions are then mixed and added to the »otato-glycerin 
extract. The resulting medium is dispensed in flasks in convenient 
volume and sterilized in the autoclave for twenty minutes at 15 pounds 
pressure. To the above base, when cooled to 45° C., sterile blood is 
added to make a 15 per cent to 20 per cent concentration. Rabbit 
blood was used in the experiments outlined, but other blood—sheep, 
horse, and human—has also been used successfully. Plates are poured 
and allowed to solidify. 

The final consistency of this medium is so soft that it cannot be inoe- 
ulated satisfactorily with a platinum loop. <A. sterile throat swab 
used instead of the loop, seeded with //. pertussis and drawn very 
lightly over the surface of the medium, inoculates the plate satisfac- 
torily. A similar sterile swab is used to transfer the growth obtained 
after from twenty-four to forty-eight hours’ incubation at 387° C. to 
clean dry slides, making thin smears which are air dried, fixed in 
absolute methyl alcohol, and then stained with my gelycerin-Wright 
stain mixture. 

The results of this technique are so far superior to those obtained by the 
two methods previously outlined that the method is recommended to all in- 
vestigators who are engaged in research on //. pertussis. 


SUMMARY 


Two modifications of my original stain for capsules of H, pertussis are 


deseribed, one relying on fixation of the smear with phosphomolybdie acid 
prior to the use of the stain; the second dependent upon the growth of J/. 
pertussis on a Bordet-Gengou base containing mucin. This latter procedure 
seems to increase the virulence of H. pertussis for mice as well as furnishing a 


growth showing capsules to their best advantage. 
REFERENCES 


1. Wherry, W. B.: The Bacteriological Examination of a Plague Rat With Notes on the 
Capsule Substance Formed on Nutrient Agar by Some Bacteria, J. Infect. Dis. 2: 
577, 1905. 

. Churchman, J. W., and Emenianoff, N. W.: A New Method for Staining Bacterial Cap- 
sules, Proce. Soe. Exper. Biol. & Med. 29: 514, 1952; Presence of Capsules on 
Non-Capsulated Microorganisms, Proce. Soc. Exper. Biol. & Med. 29: 515, 1932. 

3. Lawson, G. M.: Studies on Bacillus Pertussis, Thesis, Harvard School of Public Health, 
July, 1932. 

. Shibley, G. S., and Hoelscher, H.: Studies on Whooping Cough. I. Type Speeifie (S) 
and Dissociation (R) Forms of Hemophilus Pertussis, J. Exper. Med. 60: 405, 1954. 

. Evans, D. G., and Maitland, H. B.: The Toxin of Br. bronchiseptica and the Relation- 
ship of This Organism to H. pertussis, J. Path. & Bact. 48: 67, 1939. 

. Personal communications from Dr. Pearl Kendrick, Dr. J. J. Miller, Jr., and others. 

. Smith, W. H.: A Method of Staining Capsulated Bacteria in Body Fluids, Boston 
M. & S. J. 163: 791, 1910. 

. Burnet, F. M., and Timmins, C.: Experimental Infection With Haemophilus pertussis 
in the Mouse by Intranasal Inoculation, Brit. J. Exper. Path. 18: 83, 1937. 

. Lawson, G. M.: Immunity Studies in Pertussis, Am. J. Hyg. 29: 119, 1939. 

. Kendrick, P., Miller, J. J., Jr., and Lawson, G. M.: Tentative Methods for the Bac- 
teriological Diagnosis and Control of Whooping Cough, Am, Pub. Health A, Year- 
book 1935-36, pages 200-206. 


438 
| 


DEPARTMENT OF REVIEWS AND ABSTRACTS 


Rospert A. KILDUFFE, M.D., ABSTRACT EDITOR 


BILE, Bilirubin and Urobilin Content of, Obtained by Duodenal Drainage, Royer, M. 
Arch. Int. Med. 64: 445, 1939. 


The concentrations of bilirubin and urobilin are higher in B bile than in A bile. 


The increase in concentration of urobilin is normally lower than that of the bilirubin. 


This is due to the fact that only a small amount of bilirubin is absorbed by the wall of 


the gall bladder, while urobilin is absorbed in surprisingly large amounts. 


In a certain number of cases of cholecystitis (41.4 per cent of author’s cases) the pro- 


duction of urobilin in the gall bladder can be observed. This fact explains why the ratio of 


increase of bilirubin to inerease of urobilin is lower than the normal ratio. Data in this 


regard can be of use in making a differential diagnosis of inflammation of the gall bladder. 


J. A. M. A. 113: 


SILICOSIS, Dyspnea of, What Causes It? Cole, L. G., and Cole, W. G. 
1216, 1939. 


Dyspnea is the outstanding symptom of silicosis, but it has not been accounted for by 


hitherto recognized pathologic changes. It is frequently absent in cases of marked 


nodulation and is, on the other hand, present in cases of indefinite nodulation. 


A consideration of silicosis under the three types previously recognized—peri- 


bronchial, nodular, and acute—aids in the comprehension of this problem. The acute man- 


ifestation, as observed in the Gauley Bridge cases, gave the key to this silicotie problem. 


Large sections from the hilus to the pleura stained with Masson’s trichrome stain 


were most valuable in enabling us to make the observations reported. Black and white 


photomicrographs were useless, and hematoxylin and eosin stain was also unsatisfactory. 


Large microscopic sections of silicotie lungs show three general manifestations of 


morbid changes: (1) avascular areas, (2) overvascular areas, and (3) a region of invasior. 


The region of invasion, where collagen constricts the capillaries, is the most impor- 


tant region for intensive study. In the avascular portion, capillary occlusion by external 


pressure causes a traftic jam of red blood cells, with a damming back of the blood into the 


arterioles and a lack of drainage of the veins. The blood in the large vessels in the 


avascular areas disintegrates. Overvascular areas, where there is immense dilatation of 


the capillaries, and engorgement of the veins and arteries with viable blood cells, seem 


to compensate for avascular regions in different portions of the section. 


Theoretically dyspnea has been explained by two pathologic factors: (1) nodulation 
and (2) alveolar consolidation. To these we add a third, capillary obstruction and 


lilatation. 


From a study of microscopic sections we have made certain deductions which con- 
titute our conception of the life history of silicosis at least as it occurs in some groups 
of eases. We believe that the dyspnea of silicosis is due to capillary occlusion in large 


‘vealized regions of the lung, with compensating capillary dilatation in other regions. 


Most diseases exhibit morbid changes which can be recognized in relatively small sec- 
tions; for example, certain types of neoplasm can be determined by small groups of 
‘haraeteristie cells, but in silicosis there is a vast variety of morbid changes in various 
jortions of the lung. Different varieties of dust result in different types of morbid change 
varying regions of the lung. 
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TISSUES, Fixing and Staining Methods for Lead and Copper in, Mallory, F. B., and 
Parker, F., Jr. Am. J. Path. 15: 519, 1939. 


Hematoxylin Stain: Hematoxylin and its ripened derivative, hematein, unite with a 
number of metals to form colored compounds, some of which have been found very useful 
as stains for nuclei and other tissue elements. As a rule, hematein is required to make the 
stain effective. For this reason, an alum hematoxylin solution must be ripened by the 
aid of light, heat, or oxidizing reagent. For staining lead, hematoxylin itself is essential, 
and ripening of the staining solution must be prevented as far as possible. On this ac- 
count a solution in dibasic potassium phosphate has been found most useful. 

Fixation: Tissues to be examined for lead must be fixed in 95 per cent or absolute 
alcohol. Formalin is worthless and, therefore, tissues fixed in this reagent in the past are 


useless. 

Method of Staining: Stain celloidin sections in the following solution in the paraffin 
oven (about 54° C.) for 2 to 3 hours, rarely longer. Paraffin sections are loosened from the 
slide. 


Dissolve 5 to 10 mg. (but not more) of hematoxylin in a few drops of absolute or 95 
per cent aleohol, and add 10 e.c. of a freshly filtered 2 per cent aqueous solution of dibasic 
potassium phosphate. After staining, wash the sections in several changes of tap water 
for 10 minutes to 1 hour, dehydrate in 95 per cent alcohol, clear in terpineol, and mount in 
terpineol balsam. 

Results: By this method lead is stained a light to a dark grayish blue, and the nuclei 
(which owe their staining properties to the presence of metals) take a deep blue color. 

Copper is fixed well by both alcohol (95 per cent or absolute) and neutral formalin, 
and is stained intensely blue by hematoxylin and by hematein. The simplest method is to 
use the same solution recommended for staining lead. The iron so commonly associated 
with copper stains black after alcohol fixation, but light to dark brown after formalin 
fixation. 


GLUCOSE TOLERANCE, The One-Hour Two-Dose Dextrose Tolerance Test (Exton-Rose 
Procedure), Matthews, M. W., Magath, T. B., and Berkson, J. J. A. M. A. 113: 
1531, 1939. 


Advancing age produces a progressive elevation of the blood sugar level at every 
phase of the blood sugar time curve obtained with the dextrose tolerance test of Exton 
and Rose. The degree of this, however, is insufficient to invalidate the following conclusions: 

A fasting blood sugar that exceeds 120 mg. per hundred cubic centimeters of blood 
is diagnostic of diabetes. This value, however, was exceeded by only 21 per cent of the 
persons with diabetes in this series of cases in which diabetes was minimal. In contrast, 
no person in whom the carbohydrate tolerance was considered normal had a fasting blood 
sugar that exceeded 110 mg. 

According to our experience, the most effective criterion with the Exton-Rose pro- 
cedure for differentiating persons suffering from diabetes and normal persons, is the hour 
value of the blood sugar. If 158 mg. per hundred cubic centimeters of blood are taken as 
the critical level so that individuals showing a blood sugar reading below this level at 
the hour are designated nondiabetic, and individuals with readings at or above this value 
are designated presumptively diabetic, a high percentage of correct diagnoses can be ex- 
pected. As far as the observations in this series are concerned, all individuals with values 
at the hour less than 154 mg. were found to be normal, and all individuals with values at 
the hour of 180 mg. or more were found to be diabetic. Hence these two groupings are 
most definite. Individuals with values at the hour between 158 and 179 mg., inclusive, 
constituted only a small fraction of our cases (6, or 5.1 per cent, of 117 patients considered 
to be nondiabetic, and 19, or 7.7 per cent, of 247 patients considered to have latent or 
mildest diabetes). The number of cases with a doubtful laboratory diagnosis was smalle: 
by this criterion than by any other criterion applied to the results of the Exton-Rose test. 
It also was smaller than that obtained by any criteria applied to the interpretation of othe: 
oral tests for dextrose tolerance with which we have had experience. 
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ABSTRACTS 


TUBERCLE BACILLI, Clinical Significance of, in Urine, Dukes, C. E. Brit. M. J. 21: 
799, 1939. 


Tuberculous bacilluria is the result of an occult or subclinical tuberculous infection 
of the kidney, and may occur in many different forms of extrarenal tuberculosis, es- 
pecially in disease of bones and joints. Tubercle bacilli are present in the urine in small 
numbers only, and are rarely found by microscopical examination. Guinea pig tests are 
necessary to demonstrate tuberculous bacilluria. The excretion of tubercle bacilli is in- 
termittent. The urine is generally clear in appearance, though containing an excess of 
leucocytes. The excretion of tubercle bacilli may cease when the patient’s general health 
improves. 

In clinical urinary tuberculosis the urine contains large numbers of pus cells, and these 
can generally be found in stained films. Guinea pig tests and cultures are rarely neces- 
sary. The excretion of tubercle bacilli is constant, and will continue as long as an open 
tuberculous lesion can discharge freely into the urinary tract. In clinical urinary tuber- 
culosis the urine always contains a few pus cells, and often the pyuria is sufficient to cause 
a definite turbidity. These points enable a distinction to be made between results of 
laboratory tests in tuberculous bacilluria and in clinical urinary tuberculosis. 


SPUTUM, Technique of Examination of, Pottenger, J. E. Am. Rev. Tuberc. 40: 581, 1939. 


A report on the examination of successive twenty-four-hour specimens of sputum 
by the dilution-flotation picric acid method and guinea pig inoculation records that of a 
total of 171 specimens; 57 were positive to guinea pig; 18 were positive in a ten-minute 
search after treatment by dilution-flotation; and 39 were positive after prolonged search 
(thirty to ninety minutes). 

The dilution-flotation technique will detect tubercle bacilli in a ten-minute search 
if present to the extent of about 175 per c¢.c. of natural specimen. Below this number 
the guinea pig is advisable for diagnostic purposes. 

Guinea pig inoculation, if negative, is wholly inadequate for diagnosis, if only a twenty- 
four-hour inoculum is used. Only 25.5 per cent of the specimens from a group of 8 pa- 
tients in whom a definite diagnosis had been made were positive in guinea pigs. A statis- 
tical study shows that a three-day inoculum would be positive in 51.6 per cent; and a five- 
day, seven-day, nine-day, and fifteen-day inoculum in 66.1, 74.2, 78.6, and 86 per cent, 
respectively. 


PROTHROMBIN, Study of the Quick Method for Quantitative Determination With Sug- 
gested Modifications, Pohle, F. J., and Stewart, J. K.: Am. J. M. Sc. 198: 622, 1939. 


The Quick method for the quantitative determination of plasma prothrombin con- 
tains variables which significantly influence the results of the test. 

Calcium is an important variable in the Quick prothrombin method. The optimal 
amount of calcium necessary for recalcification must be determined in each instance to 
assure a@ minimal coagulation time (prothrombin time). Studies on the plasma of 85 
normal individuals indicate that with optimal recalcification the normal prothrombin time 
is 10 seconds. 

The optimal calcium concentration required for the determination of the Quick 
prothrombin time is similar to normal blood serum calcium values. 

Slight variations in the oxalate concentration of the plasma do not influence pro- 
‘thrombin determinations if the optimal amount of calcium required is determined in each 
case. 

The presence of a gross lipemia significantly shortens the prothrombin time. It is sug- 

‘sted that in order to avoid this variable, determinations should be done only on clear 
plasma. 

Observations on 46 individuals, with liver or biliary tract disease, indicate that the 
' odified Quick prothrombin method measures a deficiency which frequently exists in these 
(ses, and which is apparently responsible for the bleeding tendency. 
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MYELOMATOSIS, Diagnosing, by Complement Fixation, Jersild, M. J. A. 
1119, 1939. 


Of 27 patients with anticomplementary serum, -13 definitely and 5 probably had 
myelomatosis. The reaction occurs only after the serum is heated to from 56° to 60° ©., 
and a considerable increase in globulin is often found; the coagulation temperature of the 


serum is often low. 
FLUIDS, Carcinoma Cells in Thoracic and Abdominal, Schlesinger, M. J. Arch. Path. 28: 
283, 1939. 


The diagnosis of carcinoma can be made readily on thoracic and aseitie fluids. Con- 


sistent, reliable results can be obtained best by the technique of centrifugation of the 


fluid, and fixation, embedding, and sectioning of the sediment. The method of utilizing 


stained or unstained smears was found to be unreliable. 

A definite positive diagnosis of carcinoma should be made on such sections only 
after finding groups of definite polygonal cells showing polarity, sharpely distinct cell 
walls, and acinar or pseudoacinar formation. 

Such readily recognizable microscopic bits of tumor tissue are contained in about 
60 per cent of the fluids accumulating in the cavities of the body as the result of car- 
cinoma. 

The cells of fluids accumulating in the cavities of the body from other causes never 
assume such a histoid appearance but may otherwise resemble carcinoma cells. | If strict 
adherence to the aforementioned proper, rigid criteria is maintained, a false diagnosis 
of carcinoma will never be made on such a nonneoplastie fluid. 

The author’s method follows: The technique followed is extremely simple. The 
fluid is centrifuged at high speed until the supernatant liquid is clear. This is most con- 
veniently accomplished by centrifuging repeatedly in the same 50 ¢.c. round bottom 
centrifuge tube, pouring off the cleared fluid and replacing it by fresh fluid to he 
centrifuged. Sufficient sediment is thus finally obtained as one mass at the bottom of the 
centrifuge tube. Even if the fluid has not been collected aseptically, its preservation in 
the icebox for twenty-four or thirty-six hours before centrifuging permits little effect on 
the neoplastic cells. Centrifuging for a considerable period at the highest speed ob 
tainable does not damage the cells. 

The sedimented mass obtained is then prepared for fixation. It is first transferred 
to a piece of filter paper as a small compact pile. This transfer is made either with a 
small spatula, with the point of a scalpel, or with a small platinum loop, depending on 
the amount and consistency of the sediment. The sediment obtained is seldom insufficient 
for such transfer, especially the sediment from fluids containing neoplastic cells. Some 
times a fibrin clot forms in the fluid and a voluminous jelly-like precipitate, which comes 
out of the tube en masse, is obtained after centrifuging. In this clot are enmeshed all 
the cells of the fluid. Before fixing, some of the fluid that is also enmeshed in the elot is 
extracted by gently rolling the clot around on dry filter paper. The sediment or clot is 
fixed in at least 10 volumes of a neutral 1:10 dilution of solution of formaldehyde U.S.P. 
for eighteen to twenty-four hours, embedded in paraftin, sectioned at 8 to 10 microns, and 


stained with hematoxylin and eosin. 


LEUCOCYTES, Chemotropism of Human Eosinophilic Polymorphonuclear, Ingraham, E. S.. 
and Wartman, W. B. Arch. Path. 28: 318, 1939. 


The chemotropism of human polymorphonuclear eosinophiles was studied in vitro. 
The cells were obtained from a patient with eosinophilic myelogenous leucemia and fron 
one with dermatitis herpetiformis. The chemotactic reaction of eosinophiles to bacteri: 
was found to be as strong as that of normal neutrophilic leucocytes. Eosinophiles were at 
tacked less strongly by material from an animal parasite, 7. spiralis, than by Witte’s pep 


tone. 
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GROSS PATHOLOGIC SPECIMENS, Solid Carbon Dioxide in Preparation of, Bauer, J. T. 

Arch. Path, 28: 396, 1939. 

A fiber packing box or container large enough to hold the part to be frozen is ob- 
tained and lined with an old woolen blanket and a few newspapers. On this the specimen 
is placed, and then small pieces of solid carbon dioxide (5 to 25 em. in diameter) are 
placed about the specimen until it is entirely surrounded. (Heavy gloves should be worn 
to prevent severe frostbite while cracking the solid earbon dioxide and packing it about 
the specimen and while handling the specimen after it is frozen.) The newspapers and 


blanket are then tightly wrapped about the solid carbon dioxide. 

Depending on the temperature of the room and the size of the specimen, a block 
or two of solid carbon dioxide [50 to 100 pounds (22.7 to 45.4 kg.) ] will suffice to freeze 
an arm or a leg solid within twenty-four to thirty-six hours. At the end of this time 
gross sections can be sawed in any plane through skin, subcutaneous fat, muscles, blood 


vessels, and bone, without tearing or distorting the tissue. (Author used a carpenter’s 

crosscut saw with 8 or 9 teeth per inch.) The sawdust that adheres to the cut surface 

of the specimen is quite dry at first and can be seraped away with the edge of a knife. 
If the cut surface is then gently and quickly washed with cold water, the water 


will be frozen into a thin smooth transparent layer of ice, which readily permits pho- 
tography with few or no dazzling high lights or reflections. Color photographs of such 


specimens are especially pleasing, as the natural colors are preserved. 

Blocks can then be taken from the frozen specimen with a saw and chisel, and 
placed in the usual histologic fixatives for the preparation of material for microscopic 
study. No detrimental effect other than slight shrinkage has been noted in the micro- 
scopie sections of tissue frozen by this means. Although chemical analyses of tissue frozen 
‘arbon dioxide have not been made in the author’s laboratory, they should be 


by solid 
possible, as rapid freezing retards most chemical changes. 

Modifieations of the method outlined have been suggested but not tried. These in- 
clude injection of the vascular bed of the specimen with fixatives before freezing and 


use of a band saw or other kinds of power saws instead of a hand saw. 
The cost is little more than that of the solid carbon dioxide, which in the author’s 


experience was between $3.00 and $3.50 per specimen. 


SULPHANILAMIDE, Effect of, on Spermatogenesis in Man, Heckel, N. J., and Hori, C. G 
Am. J. M. Se. 198: 347, 1939. 


In contrast to other reports, there were no noteworthy effects in 11 patients upon the 


total number or percentage of live spermatozoa from the use of sulfanilamide. 


Such variations, as shown in the total spermatozoa counts during and after treat- 


ment, are no greater than the variations which occurred before the drug was given. 


POLIOMYELITIS, Study of Heterologous Antibodies in, Burnet, F. M., Freeman, M., 
Jackson, A. V., and Lush, D. M. J. Australia 11: 198, 1930. 
Seventy specimens of serum from patients with poliomyelitis have been examined 
for their content of heterologous antibodies against herpes simplex and swine influenza 
viruses and for diphtheria and staphylococeal antitoxins. The results have been analyzed 


according to age and social environment and compared with those from control groups. 
There is no evidence that any of the heterologous antibodies in these specimens of 
erum are in any different proportion from those which would be found in a comparable 


‘roup of normal specimens. 

Herpes simplex antibody and diphtheria antitoxin are both much more frequently 
found in children from crowded industrial suburbs than in those from better class areas, 
in the industrial areas herpes infection is contracted before the age of two years, while 
‘iphtheria antitoxin appears, as a rule, only after the child has begun to attend school. 

There is no association between the frequency of swine influenza antibody or 
“taphyloeoeeal antitoxin in serum and the nature of the social environment. 

There is a significant correlation between the presence of poliomyelitis antibody and 
‘iphtheria antitoxin in young children from industrial suburbs; this suggests that the two 
vutibodies are acquired at about the same age and under similar environmental con- 


citions, 


REVIEW 


The Story of Surgery* 


Some years ago Hugh Walpole divided a little essay upon ‘*‘ Reading’ 
headings: ‘‘Reading for Fun,’’ ‘‘ Reading for Love,’’ and ‘‘ Reading for Education. ’’ 

Readers of the Story of Surgery will have difficulty determining under which of the 
aforementioned headings it best falls and will probably end by concluding that it embodies a 
little of all three. The lay reader will read it ‘‘ for fun’’ and ‘‘ for education’’; the doetor and 
those with whom he properly has kin will read it ‘‘for fun’’ also, but likewise ‘‘ for love’’; 
for it is, indeed, a colorful, well-conceived and well-written tale of the past and present and, 
withal, casts a questing eye into the future. 


’ into three main 


This reviewer agrees entirely with Grogarty: ‘‘This is the best book on surgery I have 
ever read.’’ Lest any one be led by this to conclude hastily that it is a textbook, a dry tome 
of technique, let it be added that it is also a mine of folklore and superstition, as well as a 
treasure house of anecdote and characterization. 

‘Harvey Graham’’ is a pseudonym, though it is not clear why the author should thus 
‘*hide his light under a bushel,’’ for he has written exceedingly well, with a lively, scholarly, 
and yet, at times, witty style. 

Medicine in all its phases began in superstition, ignorance, mystery, and magic. This the 
author has well limned in his opening chapter, ‘‘ The Dawn of Surgery,’’ with its picture of 
primitive surgery among neolithic men. The picture is drawn with swift, sure strokes, and 
stands out like a vignette. You sense at once that the author not only has imagination but 
also has skill to transfer it to his pages. 

Space does not permit an extensive review, but a few of the chapter headings may be 
quoted just to whet the appetite, such as: ‘‘The Quacks and the Brothers,’’ ‘‘ Corpses, Curiosi- 
ties and Quacks,’’ ‘‘ Barbers and Chirurgeons,’’ ‘‘Surgeons Become Gentlemen,’’ ‘‘ Struggles 
for Corpses,’’ and ‘‘The Black Death.’’ There are, in all, twenty-five chapters which, begin- 
ning in the murky mists of primordal ages, end with ‘‘ Today and Tomorrow. ’’ 

This is a book that can—and will be—read from start to finish without a stop. But it is 
also a book that can be reread and browsed in. This is the mark of a book worth while. 

It is a little unfortunate that the author chose a rather prosaic title, for it does not 
begin to convey the intriguing interest of the book. 

There are numerous excellent illustrations and a comprehensive index. Without doubt, 
the purchase of this book is an investment rather than an expenditure. 


*The Story of Surgery. By Harvey Graham. With a Foreword by Oliver St. John 
Grogarty. Cloth, 425 pages, 23 illustrations, $3.75. Doubleday, Doran & Co., Inc., New York, 


¥. 
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